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More than 3 million caregivers provide emotional, personal and clinical care for family 
members or friends with cancer each year (National Alliance for Caregiving and The American 
Association of Retired Persons, 2020). Patients who receive an allogeneic bone marrow 
transplant (BMT) require 24/7 caregiving in order to be considered for BMT because of the risk 
for adverse side effects related to BMT treatment. Caregivers of allogeneic BMT recipients are at 
higher risk than non-caregivers and other caregivers of patients with cancer for stress related 
symptoms such as anxiety, depression, fatigue, and sleep disturbance.  The overall goal of this 
three-paper dissertation was to improve our understanding of the psychological and symptom 
experiences throughout the peri transplant period (the time just before transplant to 12 weeks 
after transplant). Aim 1 was to synthesize the psychoneuroimmunology (PNI) based framework 
and the Broaden-and-Build Theory of Positive Emotions to create a theory that more fully 
explains biopsychosocial responses to cancer caregiving. Aim 2 was to describe caregiver’s 
experience over 8-12 weeks after the index patient’s allogeneic BMT using a case-oriented 
approach incorporating both qualitative and quantitative data. Aim 3 was to explore networks of 
relationships among PNI symptoms (anxiety, depression, fatigue, sleep disturbance) and 
emotions (positive and negative) across the 8-12 weeks immediately following the index 
patient’s allogeneic BMT. Each aim is associated with a separate manuscript. Manuscript 1 
(Chapter 2) resulted in a holistic theory that describes how caregivers cognitively and 
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psychologically respond to day-to-day caregiving demands. Manuscripts 2 and 3 findings were 
based on analysis of primary data collected weekly from caregivers of patients receiving 
treatment at the North Carolina Cancer Hospital’s Bone Marrow Transplant Service. Manuscript 
2 (Chapter 3) which was a case-oriented longitudinal analysis of multiple data types (weekly 
survey, bi-weekly serum, and monthly interviews) resulted in the identification of qualitative 
themes about the psychological experiences of caregivers of allogeneic BMT recipients (e.g., 
mirroring and trying to stay positive), and symptom trends (e.g., V-shaped before discharge, U-
shaped, and negatively sloped). Manuscript 3 (Chapter 4) which was an exploratory network 
analysis of PNI symptoms and emotions resulted in the preliminary identification of anxiety as a 
driver of symptom networks before discharge, and depression and fatigue as drivers after 
discharge. In Chapter 5, strengths, limitations, and implications are discussed. This dissertation’s 
results suggest that caregivers’ experiences vary from person to person and is dependent on the 
events that are occurring in relation to the patient’s BMT.  
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CHAPTER 1: INTRODUCTION 
More than 3 million caregivers provide emotional, personal and clinical care for family 
members or friends with cancer each year (National Alliance for Caregiving and The American 
Association of Retired Persons, 2020). Here, we refer to a caregiver as an unpaid family member 
or friend who provides direct care and assistance to an individual with a chronic illness (National 
Research Council (US) Committee on the Role of Human Factors in Home Health Care, 2010). 
Caregivers of individuals with advanced cancer in particular are at higher risk than non-
caregivers for stress and stress related health problems such as anxiety, cardiovascular disease, 
and depression (Schulz & Beach, 1999; Stenberg et al., 2010; Trevino et al., 2017). Caregivers of 
advanced cancer patients experience stress related to day-to-day caregiving demands and impact 
of health problems related to the cancer diagnosis. Even more so, caregivers of patients receiving 
an allogeneic bone marrow transplant (BMT) as part of their treatment may be at even higher 
risk than other caregivers for stress and stress related health problems. To date, studies of 
caregiver stress have focused on risk factors and adverse outcomes, rather than more broadly to 
include potential protective pathways and beneficial outcomes. This dissertation advances the 
knowledge base of chronic stress among cancer caregivers by including the potential for positive 
psychological states (e.g., positive emotions and meaning making) as a buffer against 
caregiving’s negative effects. 
The objectives of chapter 1 are 1) to provide a foundational background on caregiving for 
individuals receiving an allogeneic BMT and their caregiver by briefly describing allogeneic 
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BMT, the peri-transplant period and context of potential stressors, and the essential role of 
caregivers in allogeneic BMT; 2) describe gaps in the current literature on caregivers of 
advanced cancer patients; 3) describe the theoretical foundation of the dissertation work; and 4) 
to describe the contents of chapters 2 through 5 of the dissertation.  
Background 
Allogeneic BMT Pathway and The Essential Role of Caregivers  
Allogeneic BMT is increasingly the curative treatment of choice for blood cancers such 
as acute myeloid leukemia. Allogeneic BMT can be far more physically and psychologically 
demanding than other treatments for patients and their families. To such an extent that most US 
hospitals performing allogeneic BMTs require a 24/7 caregiver for at least 100 days after 
transplant and often times longer (Foster et al., 2005). The peri-transplant period is composed of 
the time pre-transplant and 100 days post-transplant. Throughout the peri-transplant period 
caregivers have a wide range of responsibilities including but not limited to psychosocial 
support, care coordination, and clinical monitoring.  
During the pre-transplant period specifically, caregivers provide necessary transportation 
to clinic, and may have been caring for the patient during their initial cancer treatment cycles. 
Caregivers often provide psychosocial support to the patient during painful procedures and 
appointments to determine whether transplant is a viable option. After the patient has been 
approved to receive a transplant, they are admitted to the hospital to receive the conditioning 
regimen which eliminates the patient’s bone marrow of all unhealthy and healthy cells, 
(Bacigalupo et al., 2009; Jethava et al., 2017). The conditioning regimen is typically high-dose 
chemotherapy and/or radiation for several days prior to transplant. After patients receive the 
conditioning regimen, they are often socially isolated and caregivers provide essential 
psychosocial support during this time. In addition, patients may have adverse reactions to the 
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conditioning regimen, caregivers support patients by communicating patient needs to the 
healthcare team or physical comfort.  
After the patient receives the conditioning regimen, the patient’s immune system has 
depleted, the patient is given the donor stem cells. In the best case scenario, the donor’s stem 
cells are matched human leukocyte antigen (HLA) from a sibling donor, the next best is a 
matched unrelated donor (Lipof et al., 2018). Advances in bone marrow transplant have made 
other types of transplant possible such as umbilical cord blood, haploidentical donors, or 
mismatched-unrelated available, however, these types of transplant come with a higher risk for 
adverse reactions (Lipof et al., 2018). In all types of allogeneic BMT transplant the risk for 
Adverse reactions exists. Adverse reactions such as graft versus host disease, respiratory issues, 
neurological complications (seizures, central nervous system infections) and debilitating 
psychological and physical symptoms (anxiety, depression, fatigue, pain) (Atilla et al., 2017; 
Bergeron, 2017; Maffini et al., 2017; Sostak et al., 2003). The risk for toxic reactions after 
allogeneic BMT extends from the time directly after transplant to throughout the post-transplant 
period.  
Caregivers are responsible for close clinical monitoring during inpatient hospitalization 
for 4 weeks or more and even more so during ambulatory follow-up for 4-8 more weeks (Von 
Ah et al., 2016; Williams, 2007). Caregivers play important roles in the care of transplant 
patients and are given great responsibilities including monitoring and managing clinical 
symptoms, observing the patient’s body when providing personal care, and meeting the patient’s 
emotional and other supportive care needs (Bevans & Sternberg, 2012; Williams, 2007) 
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The Best- Or Worst-Case Scenario: Contextual Factors 
The essential role of caregivers during the peri-transplant period often places a large 
number of demands on the caregiver. Even in the best-case scenarios, allogeneic BMT caregivers 
experience intense emotional (Adams et al., 2014), physical (Hsu et al., 2014), and financial 
(Azzani et al., 2015; Girgis et al., 2013) caregiving-related stress. On the other hand, caregivers’ 
stress experiences may be exacerbated by other factors such as being younger, ethnic or racial 
minority, having existing financial strain, having other caregiving responsibilities, and their own 
pre-existing health problems (Adelman et al., 2014; Bevans & Sternberg, 2012; Simoneau et al., 
2013). For example, caregiver age as a risk factor may be related to available social support, 
financial stability, and coping skills learned through experience. Younger caregivers (< age 45) 
may lack life experience to manage caregiving demands and are at risk for poorer adaptation 
during an already stressful period of their lives (Ge & Mordiffi, 2017; Kim & Carver, 2012; 
Simoneau et al., 2013). Caregivers with multiple caregiving roles may be at higher risk for 
caregiving stress due to the sheer number of competing demands on their time and other assets. 
For example, caregivers responsible for care of young children or elderly family members must 
finding and track people to fulfill these duties while the caregiver attends to the BMT patient 
(Bevans & Sternberg, 2012; Simoneau et al., 2013). Caregivers who lack a college education 
may have difficulty navigating the healthcare system, understanding health-related information 
and communicating with the healthcare team, all of which can add to their caregiving-related 
stress (Kim & Carver, 2012). 
Gaps in the Current Literature 
This dissertation seeks to address three identified gaps and limitations of the existing 
literature: 1) lack of in-depth longitudinal studies studying caregiver health; 2) few studies 
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examining protective mechanisms; and 3) a focus on linear temporal relationships between stress 
and health. 
 Previous research has shown that caregivers of patients with advanced cancer indeed 
experience stress, anxiety, depression, and fatigue as a result of caregiving (Stenberg et al., 2010; 
Trevino et al., 2017). However, in caregiving for allogeneic BMT recipients, when these 
symptoms are highest and what contextual factors affect them has not been well described. Most 
studies in this caregiving population focus on single time points immediately following 
transplant, 6 months after transplant, and a year after transplant (Applebaum et al., 2016). 
Although these studies have provided a better understanding of long-term effects of caregiving 
for a BMT recipient, there is a lack of data from times that caregivers are most relied upon, just 
after discharge from the hospital.  
Moreover, risk factors for poor caregiver health are well described, however, protective 
factors that reduce stress experiences have not been well studied. For example, in terms of 
younger age being a risk factor, hypothetically, middle aged or older caregivers may have 
stronger social ties, greater financial assets and financial stability, and more experience 
managing health-related crises. In addition, caregivers who share caregiving responsibilities with 
another committed caregiver may experience lower levels of caregiving stress. Potential risk and 
protective factors are poorly understood and therefore, the subsequent research accounts for 
these factors through purposive sampling for age, employment, shared/multiple caregiving 
responsibilities, and race/ethnicity.   
Lastly, previous research has focused on linear and temporal statistical modeling of stress 
response in caregivers despite theoretical foundations suggesting that these relationships are 
dynamic and bidirectional (Lazarus & Folkman, 1984). And although these research findings 
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have provided strong evidence for caregiving related stressors and down stream effects, the 
mechanisms by which this occur are not well understood.  
Theoretical Foundations 
The aforementioned day-to-day caregiving related stressors are far reaching and can 
affect a caregiver’s health and well-being. How these stressors lead to downstream health effects 
is poorly understood in the allogeneic BMT caregiver population. To better understand the full 
realm of how caregivers of BMT patients respond to stress, the subsequent research was guided 
by two theories that provide some potential explanation for the complex symptom and health 
response to stress related to caregiving: the PNI framework (McCain et al., 2005; McCain & 
Smith, 1994) and the Broaden-and-Build-Theory of Positive Emotions (Fredrickson, 2004, 
2013). The PNI-based paradigm provides a contextual framework of stress and stress response, 
whereas the Broaden-and-Build Theory of Positive Emotions offers insight into the unique 
functions that positive emotions may have in protecting caregiver health. In chapter 2, an in-
depth description of both theories for the study of caregiving for an advanced cancer patient 
stress response is provided.  
Purpose Statement 
The purpose of this dissertation was to advance our understanding of chronic stress 
responses and the role of positive emotions in caregiving for an allogeneic BMT recipient. The 
aims of the dissertation were: 1) synthesize  the PNI framework and Broaden-and-Build Theory 
of Positive Emotions to create a theory that more fully explains biopsychosocial responses to 
cancer caregiving;  2) describe the caregiver’s experience over 8-12 weeks after the index 
patient’s allogeneic BMT using a case-oriented approach incorporating both qualitative and 
quantitative data; and 3) explore networks of relationships among PNI symptoms (anxiety, 
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depression, fatigue, sleep disturbance) and emotions (negative and positive) across the 8-12 
weeks immediately following the index patient’s allogeneic BMT. 
Summary of Chapters 2 – 4 
Chapters 2, 3 and 4 are three manuscripts that correspond with each of the three aims of 
this dissertation. Chapter 2-Manuscript 1, is a theory synthesis of the PNI-based paradigm and 
the Broaden-and-Build theory of Positive Emotions entitled, “A nursing theory synthesis for 
studying positive emotions, stress, and health in caregivers of adults with advanced cancer”. The 
purpose of chapter 2 was to: Describe the more recent evidence for the PNI framework and 
Broaden-and-Build Theory of Positive Emotions, and synthesize the two theories as a single 
theory to guide intervention development and future descriptive studies using a rigorous theory 
synthesis methodology guided by Walker & Avant’s three-steps to theory synthesis.  
Chapter 3-Manuscript 2 and Chapter 4-Manuscript 3, present the primary data findings 
from a longitudinal multi-method case-oriented study on 10 caregivers of patients receiving an 
allogeneic BMT at the North Carolina Cancer Hospital. Data was collected weekly for 12 weeks, 
and included weekly survey data, bi-weekly serum samples, and monthly interviews. Chapter 3-
Manuscript 2, “Case-oriented examination of caregiving for an allogeneic bone marrow 
transplant patient: Psychological, symptom, and biological responses”, describes the caregiver’s 
experience over 12 weeks after the index patient’s allogeneic BMT using a visual case-oriented 
analysis approach. Chapter 4-Manuscript 3, “Exploratory network analysis of stress, 
psychoneuroimmunologic symptoms and emotions in caregivers of allogeneic bone marrow 
transplant patients”, examines differences in emotion-symptom networks pre- and post- 
discharge from the hospital. Exploratory network analysis was used to describe emotion-
symptom networks. Chapter 5 is a synthesis of the three manuscripts’ results and includes a 
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discussion of how the findings fit in the current literature and how the findings might inform 
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CHAPTER 2: A NURSING THEORY SYNTHESIS FOR STUDYING POSITIVE 
EMOTIONS, STRESS, AND HEALTH IN CAREGIVERS OF ADULTS WITH 
ADVANCED CANCER 
Introduction 
Individuals with advanced cancer (blood cancers, cancers that are stage III/IV at 
diagnosis, or cancers that have spread to other parts of the body; National Cancer Institute, 2019) 
often require care from family or friends. Caregiving for an individual with advanced cancer is 
an inherently stressful experience (Adelman et al., 2014; Kim & Schulz, 2008; Stenberg et al., 
2010). Cancer caregivers often report experiencing intense emotional (Adams et al., 2014), 
physical (Hsu et al., 2014), and financial (Azzani et al., 2015) stress, which may contribute to the 
observed decrement in the health of caregivers as compared to sex and age matched non-
caregivers (Bevans & Sternberg, 2012; Beattie & Label, 2011) For example, cancer caregivers 
are at heightened risk for stress-related symptoms such as anxiety, depression, fatigue, and sleep 
disturbance (Kershaw et al., 2015; Rumpold et al., 2016; Schulz & Beach, 1999). While the 
negative effects of cancer caregiving-related stress on the caregiver’s health are well documented 
(Beattie & Lebel, 2011; Bevans & Sternberg, 2012; Rumpold et al., 2016; Stenberg et al., 2010; 
Trevino et al., 2017) the underlying mechanisms linking this source of stress to negative health 
consequences are complex.  
Moreover, recent work has shown that caregiving may also lead to beneficial outcomes 
such as lowered risk of negative health consequences related to stress and personal growth (e.g., 
personal growth, increased meaning in life; Cassidy, 2013; Li & Loke, 2013). In a critical review 
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of the literature, Li and Loke found that caregivers of patients with cancer reported beneficial 
outcomes such as strengthened relationship with the patient, personal satisfaction, personal 
growth, and renewed meaning in life (2013). For example, 70.9% of spousal caregivers reported 
they had grown as a person as a result of the caregiving process (Hodgkinson et al., 2007). In 
another study of husbands of breast cancer patients, husbands reported that caregiving brought 
them closer to their wives (Wagner et al., 2011). 
Although several theories have been developed to describe the phenomenon of beneficial 
outcomes in the context of caregiving (e.g., Posttraumatic Growth (PTG; Calhoun & Tedeschi, 
2006; Tedeschi & Calhoun, 1996) and Benefit Finding and Growth (BFG; Lechner et al., 2009). 
We lack theories that explain how cancer caregivers can experience beneficial outcomes 
alongside negative outcomes during times of intense caregiving-related stress. A theory of this 
sort could be used to guide the selection of targets for assessment and interventions to protect 
caregivers’ health and quality of life outcomes. One such target, resilience factors, could protect 
against the adverse effects of cancer caregiving-related stress on the caregiver’s health. Potential 
resilience factors, like experienced positive emotions (e.g., joy, gratitude, love), may buffer 
stress responses and even make beneficial outcomes possible (Autio & Rissanen, 2017; Kim et 
al., 2007; Li & Loke, 2013; Lohne et al., 2012).  
We utilize two theories, that separately do not account for the unique situation of 
caregiving for a patient with advanced cancer. The first, the Psychoneuroimmunology (PNI)-
based paradigm offers person-centered illness-related context that makes up the caregiving 
experience (Figure 2.1; McCain et al., 2005; McCain & Smith, 1994). The second, the Broaden-
and-Build Theory of Positive Emotions provides mechanistic details of how positive emotions 
operate to produce well-being and health (Figure 2.2; Fredrickson, 2004, 2013). Together, these 
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theories complement one another and offer a more holistic picture of caregiving for a patient 
with advanced cancer, stress response to caregiving related demands, and beneficial outcomes. 
The synthesize theory for research on caregivers of adults with advanced cancer considers both 
the bio-psychosocial responses to stress and their effects on health as described by the PNI-based 
paradigm (McCain et al., 2005; McCain & Smith, 1994) as well as positive emotions as 
resilience factors that can enable endurance as described by the Broaden-and-Build Theory of 
Positive Emotions (Fredrickson, 2004, 2013). We begin by discussing the origins, utility, and 
limitations of the PNI-based paradigm and the Broaden-and-Build Theory of Positive Emotions 
in order to elucidate the potential benefits for synthesizing these two theories. 
The Psychoneuroimmunology-Based Paradigm 
The PNI-based paradigm (McCain et al., 2005; McCain & Smith, 1994) is a middle-range 
nursing theory that integrates Lazarus and Folkman’s Stress Appraisal and Coping Theory 
(Lazarus & Folkman, 1984) with psycho-behavioral and pathophysiological models to create a 
more comprehensive model of human responses to illness-related stressors (McCain et al., 2005; 
McCain & Smith, 1994). Middle-range theories function as a bridge between grand theories and 
nursing practice and are typically used to describe, explain or predict nursing-relevant 
phenomenon (Kolcaba, 2001). Lazarus and Folkman’s original theory describes a person-
environment transactional model (Lazarus & Folkman, 1984). Lazarus and Folkman theorize that 
the person and the environment are in a dynamic bidirectional relationship in which cognitive 
appraisal and coping (response to secondary appraisal) mediate the relationship between person 
and environment (Lazarus & Folkman, 1984). Cognitive appraisal is the person’s process of 
evaluating an encounter with the environment. This appraisal can be negative (harmful, threat), 
neutral, or positive (benefit) (Lazarus & Folkman, 1984). Coping refers to efforts made by the 
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person to manage the demands of the person-environment transaction that is appraised as 
threatening, taxing or exceeding the person's resources (Lazarus & Folkman, 1984). For 
example, seeking out social support, problem solving, and gathering information. Stress is 
defined as a relationship between the person and environment that the person appraises as 
exceeding his or her resources and as harmful to their wellbeing (Lazarus & Folkman, 1984). For 
instance, a caregiver might experience stress when they appraise providing psychosocial support 
to the patient as beyond their capabilities.  
McCain and colleagues (McCain et al., 2005; McCain & Smith, 1994) derived the PNI-
based paradigm to help nurses identify psychosocial and behavioral targets for nursing 
interventions, and to help them explain select psychological and physiological mechanisms 
underlying responses to illness-related stressors and their effects on health and quality of life 
outcomes. The PNI-based paradigm includes five major components: person cofactors, psycho-
components, neurological components, immunological components, and health components 
(McCain et al., 2005; McCain & Smith, 1994). To date, McCain’s PNI-based paradigm has been 
mainly used to describe the experiences of patients and long-term survivors of life-threatening 
chronic illnesses such as HIV (McCain et al., 2003) and various types of cancer, primarily breast 
cancer (Antoni et al., 2001), to elucidate the biopsychosocial linkages between stress, coping and 
health outcomes, and guide psycho-behavioral interventions for these clinical populations 
(McCain et al., 2005; McCain & Smith, 1994).  
The use of the PNI-based paradigm in non-clinical populations such as caregivers has 
been limited to caregivers of people with dementia; these caregivers may have different stress 
experiences from those of caregivers of patients with advanced cancers. For example, illness 
trajectories for dementia and cancer are inherently different. In dementia caregiving, burden 
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increases gradually as the patient’s function declines (Tschanz et al., 2011), whereas advanced 
cancer caregivers are likely to experience intense caregiving-related stress condensed into a 
shorter time span (Sherwood et al., 2008). While the PNI-based paradigm has the potential to 
guide research of stress responses in caregivers of patients with advanced cancers, modifications 
may be needed to specify the theory for caregivers of people with advanced cancers.  
In addition, the PNI-based paradigm may be limited in that it does not account for more 
recent literature that notes both the positive psychological responses while caregiving and the 
potential for beneficial health and quality of life outcomes (Li & Loke, 2013). Although the PNI-
based paradigm does not deny possibilities for positive psychological responses to stress or 
beneficial outcomes, this paradigm does not speculate about how positive and negative 
psychological responses to stress operated in tandem. Synthesizing the PNI paradigm with a 
complementary theory, the Broaden-and-Build Theory of Positive Emotions (Fredrickson, 2004, 
2013) may fill in some of the gaps in theoretical thinking about a more comprehensive set of 
potential responses to the stressors inherent in caregiving for patients with advanced cancers and 
other illness-related situations.  
The Broaden-and-Build Theory of Positive Emotions 
The Broaden-and-Build Theory of Positive Emotions (Fredrickson, 2004, 2013) primarily 
focuses on the beneficial functions of positive emotions. The theory posits that positive emotions 
(e.g., joy, gratitude, interest) have enabled humans to survive by allowing them to broaden their 
mindsets and build personal resources (Fredrickson, 2004, 2013). Positive and negative emotions 
both play evolutionary roles. Negative emotions (e.g., fear, anger) can shorten the time to 
respond to actual or impending danger through behaviors such as hyper-vigilance or hyper-
arousal under threatening conditions. In response to acute stress, negative emotions may at times 
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be more beneficial than positive emotions. However, these responses may not be sustainable in 
chronic stress situations in that they may exacerbate the subsequent negative effects of stress as 
evidenced by an increased risk for anxiety, depression, and inflammatory diseases. In chronic 
stress situations, in which negative emotions often run high, positive emotions can also be 
experienced and potentially exploited to improve caregiver well-being (Folkman, 1997). Positive 
emotions have different evolutionary functions than negative emotions. Positive emotions have 
enabled humans to endure by expanding their perspectives in the moment to include potentially 
beneficial aspects of a situation and enabling the building of resources within themselves and 
their social environment that they can draw on in the future to cope with stressors (Fredrickson, 
2004, 2013). Built resources might include social connections, social support, cognitive 
flexibility, psychological resilience, and self-efficacy for managing caregiving demands (Li & 
Loke, 2013). 
Positive emotions may be more beneficial than negative emotions for shifting primary 
(danger v. opportunity) and secondary (insufficient v. sufficient available resources) appraisals 
and enhancing capacities for problem-focused coping in that positive emotions can build up 
internal capacities and environmental resources for coping (Fredrickson, 2004, 2013). The 
Broaden-and-Build Theory of Positive Emotions complements the PNI-based paradigm by 
further specifying psychosocial processes in the context of stress (Fredrickson, 2004, 2013). 
Additionally, the Broaden-and-Build Theory of Positive Emotions concepts (e.g., broadening, 
upward spiral) may elucidate mechanisms stemming from positive emotions that may promote 
resilience by buffering potentially detrimental PNI responses to stress. A growing and substantial 
body of lab-based experiments has shown that positive emotions, specifically low-approach 
motivated positive emotions (e.g., amusement, love, serenity, gratitude), can broaden mindsets in 
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healthy adults, for example, by increasing creativity and openness to information (Fredrickson, 
2004, 2013; Gable & Harmon-Jones, 2008). And although, on the surface, caregiving seems to 
be an overwhelming stressful experience, caregivers have endorsed simultaneously experiencing 
positive emotions such as gratitude towards their support systems, appreciation for the 
opportunity to be with the patient, and hope (Folkman & Moskowitz, 2000; Levesque & 
Maybery, 2014; Li & Loke, 2013). Positive emotions may have lasting effects for the caregivers, 
and potentially the recipients of their care, by helping them to build resilience resources within 
themselves and their environment to better cope with both the stressors inherent in caregiving 
alongside usual life demands. Evidence from lab-based studies and longitudinal correlational 
studies have shown that positive emotions build resources such as coping skills and social 
support in healthy adults (Burns et al., 2008; Tugade, 2004). These findings have yet to be 
replicated in caregivers.  
Case for Synthesis  
The synthesis of the PNI-based paradigm and the Broaden-and-Build Theory of Positive 
Emotions may illuminate a potential mechanism by which positive emotions increase beneficial 
outcomes in caregiving like those noted in PTG, BFG. Past theories on positive outcomes in 
caregiving (e.g., PTG, BFG) illuminate some pathways for more beneficial outcomes in 
caregiving, however, a more inclusive theory may improve our understanding of health outcomes 
in caregivers. For example, PTG reveals that trauma related to cancer treatment can sometimes 
lead to increases in appreciation of life, relationship with others, new life possibilities, person 
strength, and spiritual change (Calhoun & Tedeschi, 2006; Tedeschi & Calhoun, 1996). These 
outcomes are typically preceded by an individual’s openness to experience and extraversion. 
Moreover, the suggested psychological processes in response to trauma are limited to 
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rumination, positive reappraisal, and acceptance. However, what factors mediate or lead to the 
success of these psychological processes is unclear.  
Theory synthesis (Walker & Avant, 2011), a rigorous methodology, can be used to 
combine theories that when used separately lack concepts to describe the targeted research 
domain, in this case, the response to stress by caregivers of patients with advanced cancer. A 
rigorous approach to reviewing the evidence to synthesize these complementary theories for use 
in research of caregivers is advanced by the use of an established method such as the 3-step 
theory synthesis process described by Walker and Avant (2011). We present and integrate two 
theories, the Psychoneuroimmunology (PNI)-based paradigm and the Broaden-and-Build Theory 
of Positive Emotions, while also considering the greater theoretical landscape on beneficial 
outcomes in caregiving (e.g., PTG, BFG). The specific aims are to: 
1. Identify and define focal concepts of the PNI-based paradigm (McCain et al., 2005; 
McCain & Smith, 1994) and Broaden-and-Build Theory of Positive Emotions 
(Fredrickson, 2004, 2013). 
2. Identify and link similar concepts and relationships that are common in both theories, 
and how concepts had been operationalized and measured in the current literature.  
3. Construct an integrated theory and a visual representation of that theory.  
Approach 
This theory synthesis used the 3-step theory synthesis process outlined by Walker and 
Avant (2011). The three steps are to: (a) specify and define focal concepts that comprise each of 
the theories for synthesis, (b) identify related focal concepts and the linkages between these 
concepts, and (c) construct an integrated representation of the synthesized theory.  
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Step 1. Specify and Define Focal Concepts 
To achieve step 1, the first author derived focal concepts for each of the theories of 
interest by reviewing the papers that originally put forth the PNI-based paradigm (McCain et al., 
2005; McCain & Smith, 1994) as well as those that introduced the Broaden-and-Build Theory of 
Positive Emotions (Fredrickson, 2004, 2013). After focal concepts for each of the theories of 
interest were identified, definitions for these concepts were derived from the original theory 
articles (Fredrickson, 2004, 2013; McCain et al., 2005; McCain & Smith, 1994). 
Step 2. Identify Related Concepts and Linkages Between Them 
Focused literature searches of all literature available in PubMed (last date searched: April 
2019) and PsycINFO (last date searched: June 2019) were conducted to identify data-based 
papers that cited either the PNI-paradigm or the Broaden-and-Build theory of Positive Emotions 
or included at least two focal concepts of interest. to identify how researchers have operationally 
defined and measured the concepts in studies of caregiving for adults with advanced cancer 
(Appendix 2.1). The search was not restricted by year of publication. Because the initial searches 
identified a small number of studies that cited the papers that put forth the PNI-based paradigm 
(McCain et al., 2005; McCain & Smith, 1994) as informing the research, additional search 
strategies were developed with a research librarian. Preliminary searches combining the terms 
“psychoneuroimmunology” and “cancer caregivers” yielded no studies, possibly because the 
majority of PNI research of caregivers has been conducted with those caring for patients with 
dementia. Thus, two additional searches were conducted. The first additional search sought 
cancer caregiving literature that focused on neuro and immunological responses to stress to 
illuminate the physiological/biological processes at play. The second additional search focused 
on the positive psychology literature about caregivers for adults with advanced cancer.  
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Inclusion criteria for the literature review to inform Step 2 were that the study: (a) 
reported the results of research with adult caregivers (age 18 years or older); (b) enrolled 
caregivers of adults with any type of advanced cancer (i.e., cancer that is unlikely to be cured or 
controlled with treatment, stage III/IV or blood cancers; National Cancer Institute, 2019); (c) 
used quantitative methods, (d) were peer reviewed, and (e) measured at least two focal concepts 
from the one of the theories for synthesis. Qualitative papers and reviews were excluded from the 
primary synthesis because a purpose of the literature review was to identify how the focal 
concepts had been operationalized and measured in research. Additionally, the first author sought 
published writings that were foundational to the PNI-based paradigm and Broaden-and-Build 
Theory of Positive Emotions. The process for selecting these theory-related publications 
included reviewing the reference lists of original theory papers for the PNI-based paradigm and 
Broaden-and-Build Theory of Positive Emotions. The identified published theoretical writings 
were read in their entirety and focal concepts were also derived. 
The first author screened studies identified through the computerized database searches 
for possible inclusion in the synthesis process by reading title and abstract considering the 
inclusion criteria. She then reviewed the full text of the studies identified through screening to 
determine eligibility for inclusion in the synthesis. Studies were excluded if there was no 
subgroup analysis by cancer stage, or differences in study outcomes by cancer stage were not 
statistically significant.  
The first author scrutinized the included studies and other published writings to identify 
studied concepts that aligned with the focal concepts comprising the PNI-based paradigm and/or 
the Broaden-and-Build Theory of Positive Emotions. She identified similar or overlapping 
concepts by abstracting and examining conceptual definitions from the original theory papers 
 22 
and foundational theory papers. Similar and overlapping concepts were collapsed into higher 
order concepts. Finally, operational definitions and key findings from the included studies and 
other publications were evaluated for strength and direction of relationships between concepts. 
Strength of evidence for the linkages between concepts was evaluated using the following 
criteria based on levels of evidence evaluation criteria (Groves, 2013): ambiguous or unknown 
(descriptive studies), weak (correlation studies, narrative review), moderate (experimental 
studies, multiple correlation studies), strong (multiple experimental studies, meta-analyses, 
systematic review).  
The first author used a standardized investigator-developed Excel™ spreadsheet to 
extract data from the studies included in the literature review. The spreadsheet fields included: 
study “demographics” (authors, title, publication year, first author’s geographic location); 
approach (study design, sample size, statistical approach, focal concepts studied, their conceptual 
and operational definitions, how they were measured); and key findings regarding linkages 
between the included focal concepts.   
Step 3. Construct an Integrated Representation  
A visual summary of the linkages between focal concepts and relative strength of the 
empirical support for these linkages was derived from the results of Step 2. The first author then 
consulted with the co-authors to create a more parsimonious model and an image of that model. 
This was done by using an iterative processing of model drafting and revising.  
Results 
Step 1: Focal Concepts  
Focal concepts derived from the theories of interest included five focal concepts from the 
PNI-based paradigm and five from the Broaden-and-Build Theory of Positive Emotions (Table 
2.1). Conceptual definitions were further clarified by examining the foundational theory to the 
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PNI-based paradigm: Lazarus and Folkman’s Stress Appraisal and Coping Theory (Lazarus & 
Folkman, 1984). 
PNI-based Paradigm 
The PNI-based paradigm unpacks the processes that link chronic stress to poorer health 
outcomes. Concepts regarding biopsychosocial responses to chronic stress were derived from the 
PNI-based paradigm (McCain et al., 2005; McCain & Smith, 1994), which depicts a primary 
pathway comprised of five components: (a) person co-factors (b) psychological responses to 
stress, (c) neuro-biological responses to stress, (d) immune-biological responses to stress, and (e) 
health. A secondary feedback path from health and quality of life outcomes to each of the other 
four key concepts in the primary pathway is also depicted. Personal co-factors focal concepts are 
personal characteristics that put caregivers at risk for higher levels of stress and negative coping 
patterns (e.g., self-isolating behaviors), for example, age and sex (McCain et al., 2005; McCain 
& Smith, 1994). Psycho-component focal concepts consist of caregivers’ perceived stress, coping 
behaviors and psychological states, most often negative affect or distress (e.g., depressed mood, 
grief; McCain et al., 2005). The psycho-component derives from Lazarus and Folkman’s Stress 
Appraisal and Coping Theory (Lazarus & Folkman, 1984). Appraisal refers to cognitive 
evaluations of the potential stressor as, harmful or beneficial, and then evaluation of whether the 
self has the resources to respond to the stressor (Lazarus & Folkman, 1984).  McCain and 
colleagues did not include appraisal in the PNI paradigm. Neurological component focal 
concepts include the sympathetic-adreno-medullary (SAM) system and hypothalamic-pituitary-
adrenocortical (HPA) system, the stimulation of which ultimately leads to the release of 
epinephrine and norepinephrine from the SAM system and cortisol from the HPA system 
(McCain et al., 2005). Prolonged release of cortisol, can lead to poor immune functioning 
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(McCain et al., 2005). Immunological component focal concepts include leukocyte-produced 
neuro-hormones such as the pro- (e.g., IL-6, IL-1B) and anti-(e.g., IL-4, IL-10) inflammatory 
cytokines, also referred to as “the interleukins” (IL-; McCain et al., 2005). Health concepts 
includes physical health, functioning, and quality of life (McCain et al., 2005).  
Broaden-and-Build Theory of Positive Emotions 
The Broaden-and-Build Theory of Positive Emotions is comprised of five focal concepts: 
positive emotions, broadening, building, health, and upward spiral (Fredrickson, 2013; 
Fredrickson et al., 2008). Positive emotions are defined as momentary multisystem response to a 
change/circumstance registered as good for the self (Fredrickson 2004). Positive emotions 
include those such as love, joy, gratitude, interest, hope, and pride. Broadening refers to the 
unique function of positive emotions to enable individuals to have more temporary cognitive 
flexibility in the moment, and a wider view and ability to see beyond their current circumstances 
(Fredrickson, 2004, 2013). Downstream effects of broadening might include positive caregiving 
appraisal, finding meaning in caregiving, benefit finding, identifying new coping resources, and 
pattern recognition (i.e., identifying one’s own response to stress). Building resources refers to 
how positive emotions strengthen existing coping resources. Available coping resources specific 
to caregiving include more durable cognitive flexibility (e.g., ability to step back from a problem 
in order to see the bigger picture), social support, self-efficacy, and resilience (Fredrickson, 
2004, 2013; Keefe et al., 2003). Health includes improved physical health, psychosocial 
functioning, and quality of life that can result as a consequence of broadened thinking and built 
resources (Fredrickson, 2004, 2013; Poulin et al., 2010). From a Broaden-and-Build perspective, 
health is defined as both physical health and flourishing mental health, that is, an optimal state of 
human functioning that connotes goodness, growth, generativity, and resilience (Fredrickson & 
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Losada, 2005). Upward spiral refers to the reciprocal relationship through which broadened 
thinking leads to more experiences of positive emotions over time (Fredrickson, 2004, 2013; 
Poulin et al., 2010). Overtime the upward spiral may lead to increases in emotional well-being as 
cumulative experiences of positive emotions, broadening, and building occur (Fredrickson, 2004, 
2013; Tugade et al., 2004). 
Step 2. Identify Similar Concepts and Linkages Between Similar Focal Concepts  
Similar Focal Concepts 
Based on the results of Step 1, concepts with similar definitions across and within the 
theories were collapsed together to generate higher order concepts (Walker & Avant, 2011). One 
key issue in the PNI-based paradigm is the lack of clarity in distinguishing between factors that 
change or are stable. For example, in the PNI-based paradigm, the concept “psychosocial 
moderators” was originally included in the psycho-component; however, psychosocial 
moderators such as personality are generally stable and not easily modifiable and thus can be 
considered a person-cofactor. In addition, to further specify the synthesized theory for the study 
of caregiving-related stress, person-factors do not fully encompass potential moderators of 
caregiving related stress. Thus, a higher-order concept context of caregiving was created and 
includes a broader range of potential moderators which include person cofactors (e.g., 
demographics) and care recipient related factors (e.g., date of diagnosis, stage of cancer). The 
PNI-based paradigm concepts in the psycho-component includes psychological moderators 
which could also include affect and emotions. In addition, the PNI-based paradigm psycho-
component also includes potential downstream concepts of positive emotions such as coping and 
perceived stress. A higher order concept, psychological processes was created and include the 
PNI-based paradigm psycho-component and the following Broaden-and-Build Theory of 
Positive Emotions concepts: positive emotions, broaden function, and build function. 
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Psychological processes are iterative and include an ongoing response to caregiving and include: 
positive emotions, momentary broadening of mindsets, caregiving appraisal, perceived stress, 
long-term building of resources for coping, and coping.  Neuro-biological and immuno-
responses were categorized into the higher order concept cumulative biological responses which 
encompasses physiological changes that occur in response to caregiving stressors and 
psychological changes. Both the PNI-based paradigm and the Broaden-and-Build Theory of 
positive emotions include a health focal concept; therefore, health will be included in the final 
synthesis. One concept absent from the PNI-based paradigm but present in the PNI-based 
paradigm’s foundational theory is an “event/stimulus” that triggers stress response systems. In 
order to make the final synthesis more useable, a potentially stressful stimuli were included and 
named “day-to-day caregiving for an advanced cancer patient.” The final synthesis included six 
key concepts specific to the advanced cancer caregiving context: context of caregiving, day-to-
day caregiving, psychological processes and resources, biological processes, health, and upward 
spiral (Table 2.2 and Figure 2.5). 
Literature Review 
Figure 2.3 shows the flow of information into the literature review for the theory 
synthesis process. The database searches identified a total of 876 unique studies. Ultimately, 36 
studies were deemed eligible for inclusion in the review; 22 of these studies addressed focal 
concepts from the Broaden-and-Build Theory of Positive Emotions and 14 addressed focal 
concepts from the PNI-based paradigm (Appendix 2.2). Of the 14 studies that included focal 
concepts from the PNI-based paradigm (Aguiló et al., 2018; Bevans et al., 2016; Dhruva et al., 
2015; Laudenslager et al., 2015; Lengacher et al., 2012; Li et al., 2017; Lucini et al., 2008; 
Miller et al., 2014; Nightingale et al., 2017; Pawl et al., 2013; Pinar & Afsar, 2015; Rohleder et 
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al., 2009b; Sherwood et al., 2016; Thomas et al., 2012), eleven studies used an observational 
design of which three were cross-sectional in nature (Aguiló et al., 2018; Li et al., 2017; Pawl et 
al., 2013) and eight were longitudinal (Bevans et al., 2016; Dhruva et al., 2015; Lucini et al., 
2008; Miller et al., 2014; Nightingale et al., 2017; Rohleder et al., 2009; Sherwood et al., 2016; 
Thomas et al., 2012), and three studies were under-powered small-scale studies (Laudenslager et 
al., 2015; Lengacher et al., 2012; Pinar & Afsar, 2015) that used a randomized clinical trial 
(RCT) design (Table 2.3). Of the 22 studies focusing on focal concepts from the Broaden-and-
Build Theory of Positive Emotions, 13 studies used an observational design of which one was 
cohort sequential (Cassidy, 2013), six were cross-sectional (Cooper et al., 2006; Han et al., 2014; 
Kang et al., 2013; Li et al., 2018; Son et al., 2012; Tan et al., 2015), and six were longitudinal. 
(Fife et al., 2013; Fitzell & Pakenham, 2010; Hou et al., 2018; Reblin et al., 2019; Reblin et al., 
2018; Wagner, Tanmoy Das, et al., 2011). Of the remaining studies, nine used an experimental 
design of which four were full-scale RCTs (Harvey et al., 2018; Li et al., 2015; Northouse et al., 
2005; Northouse et al., 2013), four were pilot RCTs (Applebaum et al., 2018; Milbury et al., 
2015; Northouse et al., 2014; Walsh et al., 2004), and one was an experimental lab-based study 
(Langer et al., 2007) (Table 2.4).  
Empirical Support for PNI-Based Paradigm in Caregivers of Adults with Advanced 
Cancer. Five studies that included PNI focal concepts compared caregivers for adults with 
advanced cancer to controls (non-caregivers) and found that caregivers had higher levels of 
perceived stress (Aguiló et al., 2018; Rohleder et al., 2009), depressive symptoms (Rohleder et 
al., 2009a), anxiety (Aguiló et al., 2018), and C-reactive protein (CRP; Rohleder et al., 2009) 
than controls (Aguiló et al., 2018; Laudenslager et al., 2015; Li et al., 2017; Rohleder et al., 
2009; Thomas et al., 2012). Higher CRP levels could indicate higher cardiovascular disease risk 
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in caregivers.  Regardless of person factors, just being a cancer caregiver was a risk factor for 
poor self-reported health outcomes.  All 14 studies measured at least one caregiver person factor, 
five found statistically significant associations between the person factor and neuro-biological 
responses or health (Dhruva et al., 2015; Li et al., 2017; Pawl et al., 2013; Sherwood et al., 
2016a). Caregiver person factors including employment status (Pawl et al., 2013), poor caregiver 
physical health status, older age (Sherwood et al., 2016), female gender (Sherwood et al., 2016) 
and cytokine genotype (Dhruva et al., 2015) were all significantly associated with poorer health 
outcomes. Some individuals may have rare cytokine genotypes that affect their immunological 
cascade and health symptoms, for example having a rare-G allele in the IL-4 genotype was 
associated with a 70% decrease in odds of having high fatigue, where as a rare-C allele in tumor 
necrosis factor (TNF)-alpha was associated with a 3.75-fold increase in odds of having high 
fatigue (Dhruva et al., 2015). Care recipient person-factors including care recipient physical 
functioning, number of comorbidities, and stage of diagnosis were also associated with poorer 
caregiver health outcomes. Evidence for associations between psychological factors and neuro-
biological factors (e.g., cortisol, IL-6, TNF-alpha) was lacking. Of the six studies that examined 
these linkages (Bevans et al., 2016; Laudenslager et al., 2015; Lengacher et al., 2012; 
Nightingale et al., 2017; Pinar & Afsar, 2015) just one found a statistically significant correlation 
between a psychological component (depression) and neuro-biological component factors (IL-2, 
TNF-alpha, IL-4, IL6; Li et al., 2017)  
Empirical Support for the Broaden-and-Build Theory of Positive Emotions in 
Caregivers of Adults with Advanced Cancer. Empirical support for theoretical linkages 
between focal concepts were mixed, the majority of findings were statistically significant. Of the 
eleven studies including some measure of positive emotions, the majority found statistically 
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significant associations with enhanced health or reduced negative psychological symptoms 
(Cooper et al., 2006; Fife et al., 2013; Fitzell & Pakenham, 2010; Han et al., 2014; Langer et al., 
2007; Li et al., 2015; Milbury et al., 2015; Reblin et al., 2018; Son et al., 2012; Tan et al., 2015; 
Walsh et al., 2004). Similarly, cross-sectional evidence showed that higher proxy measurements 
of broadening and building (e.g. meaning making, non-threat appraisal, and social support) was 
associated with better health (Applebaum et al., 2018; Cassidy, 2013; Harvey et al., 2018; Hou et 
al., 2018; Kang et al., 2013; Langer et al., 2007; Li et al., 2018; Li et al., 2015; Milbury et al., 
2015; Northouse et al., 2005; Northouse et al., 2014; Northouse et al., 2013; Reblin et al., 2019; 
Reblin et al., 2018; Son et al., 2012; Tan et al., 2015; Wagner, Tanmoy Das, et al., 2011; Walsh 
et al., 2004). 
Eight studies were intervention studies that tested a wide range of interventions that had 
the potential to heighten positive emotions through creative arts (Walsh et al., 2004), meditation 
practices (Northouse et al., 2014), or psycho-education about increasing hope (Applebaum et al., 
2018; Li et al., 2015; Milbury et al., 2015; Northouse et al., 2005; Northouse et al., 2014; Reblin 
et al., 2018; Walsh et al., 2004). Importantly, none of the interventions were solely focused on 
increasing positive emotions, but did contain components such as increasing hope (Northouse et 
al., 2005; Northouse et al., 2013) or mindfulness-based practices that are linked to the positive 
emotion serenity. Whether positive emotions increased in response to these interventions and 
caused downstream effects on cognitive function and resources was unclear because in five 
studies that used an RCT design, positive emotions were not measured before and after the 
participants received the intervention. The three RCT studies that measured positive emotions 
did not measure the concept with conceptually aligned measures or psychometrically validated 
measures (Langer et al., 2007; Li et al., 2015; Milbury et al., 2015).  For example, Li and 
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colleagues tested a complex psychoeducation, skills training, and cognitive behavior RCT in 117 
caregivers (Li et al., 2015). Positive emotions were measured using the benefit finding scale, 
however, the benefit finding scale has not been validated to measure positive emotions nor is it 
conceptually aligned. Despite this misalignment, Li and colleagues, found that caregivers in the 
intervention group had increased positive emotions, benefit finding, coping, physical, and 
psychological health (Li et al., 2015). However, based on their findings, it is unclear if positive 
emotions were necessary mediators in improving the health outcomes. The remaining two RCTs 
that measured positive emotions were small pilot studies with 15-40 participants each, both of 
these studies found strong short-term effects of intervention increasing positive emotions and 
decreasing distress (Langer et al., 2007; Milbury et al., 2015).  In the RCT conducted by Milbury 
and colleagues (2015), positive emotions were measured using a researcher designed tool that 
asked participants if during the intervention they felt relaxed, calm, content or happy (Milbury et 
al., 2015). This tool was not psychometrically tested. Lastly, Langer and colleagues (2007) 
measured positive emotions using the Positive and Negative Affect Schedule (PANAS; Watson, 
1988) using the “at this moment” time reference. Although the PANAS is a well validated 
measure (Watson, 1988), it measures primarily high-intensity emotions (e.g., excitement, 
enthusiastic) which potentially leaves out lower-intensity emotions (e.g., love, contentment, 
gratitude) that might be more likely to be experienced when caregiving.   
 Notably, no studies focused on the upward spiral process. However, this may be due to 
the fact that the concept requires resource-intensive longitudinal analysis of health outcomes 
reciprocally affecting upstream mediators, specifically increasing positive emotions.  
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Step 3. Construct an Integrated Theory and Graphic Representation of that Theory 
In the final step of the theory synthesis process, higher-order concepts and sub-concepts 
were visually organized to depict relationships among sub-concepts. Relationships among sub-
concepts were evaluated and directionality was established from the empirical search (Figure 
2.4). Figure 2.4 served as the foundation for the development of the middle-range theory 
synthesis depicted in Figure 2.5 that focuses on psychological processes and responses 
caregiving related stress and potential downstream effects. Sub-concepts were collapsed to 
generate a parsimonious visual representation. Based on the results of steps 1 and 2, the Theory 
of Chronic Stress Responses and Positive Emotions in the Context of Cancer Caregiving was 
created. The Theory of Chronic Stress Responses and Positive Emotions in the Context of 
Cancer Caregiving provides a more comprehensive description of responses to the stressors 
inherent in caregiving for an adult with advanced cancer and is comprised of six focal concepts: 
context of caregiving, day-to-day caregiving, psychological processes, biological processes, 
health, and upward spiral.  
Context of Caregiving 
When an individual enters into the role of cancer caregiver, the context of caregiving can 
impact what stress stimuli are experienced by the caregiver. The context of caregiving includes 
caregiver factors (e.g., demographics), care recipient factors, environmental factors, and social 
factors. The context of caregiving affects the number and intensity of caregiving related stressors 
and how those stressors are experienced and inform the development of targeted interventions 
for caregivers. Factors may reduce potential stressors or exacerbate them. Demographic 
variables like age influence the caregiver, for example, younger caregivers might have fewer 
social supports than more social established older caregivers. Similarly, caregivers with lower 
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education might meet more challenges in navigating the health system than caregivers with more 
than a high school diploma. Care recipient factors also influence the context of caregiving in 
terms of the actual caregiving demands and care needs of the patient. For instance, care 
recipients with comorbid conditions might require additional care management, or specific 
cancer diagnoses might have different challenges (e.g., blood cancers and immunocompromised 
status, vs. advanced solid tumors and relationship tension). In addition to care recipient factors, 
Environmental factors, and social factors can further exacerbate stress related to caregiving. 
Environmental factors such as distance from care facility can influence convenience of receiving 
care. Caregivers and care recipients driving longer distances may have more time and care 
management related demands than those coming from nearby. Lastly, social factors can impact 
day-to-day caregiving demands. For instance, being responsible for the care of others in addition 
to the care recipient with cancer can increase the day-to-day demands on the caregiver. In 
contrast, sharing the caregiving responsibilities can reduce the day-to-day caregiving demands. 
The context of caregiving directly impacts the day-to-day experience of caregivers. 
Potential Stressor: Day-to-Day Caregiving Demands and Cancer 
In the context of caregiving for an advanced cancer patient, two primary sources of 
potential stress are tightly interwoven including those related to the actual cancer diagnosis and 
potential stressors related to day-to-day caregiving related demands. Here we focus on day-to-
day caregiving demands as the stress related to cancer diagnosis is not easily modifiable. Day-to-
day caregiving for a patient with an advanced cancer can vary depending on a variety of 
caregiving related demands such as patient psychosocial needs, physical tasks, care coordination, 
and financial strains. Psychosocial needs include but are not limited to emotional support and 
socialization for patients in isolation due to cancer treatment. Physical tasks such as assisting 
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with activities of daily living also place a physical strain on caregiver. In addition to 
psychosocial and physical tasks, care recipients often require care coordination in terms of 
medication management, transportation, and scheduling medical appointments. Lastly, financial 
strain also contributes to day-to-day caregiving demands. For example, direct and indirect costs 
related to cancer treatment may push caregivers to change their work hours (e.g. working later 
hours) or produce psychological strains related to financial worries. Potential stressors such as 
the day-to-day demands related to caregiving for a patient with advanced cancer can impact the 
caregiver’s health and well-being.  
The caregiver responds to day-to-day caregiving-related stress psychologically and 
physiologically. Psychological and physiological processes work in tandem in response to the 
stimuli.   
Psychological Processes  
Psychological processes are denoted by a gray circle in Figure 2.5 which indicates the 
boxes included in the circle make up a dynamic and iterative process. The psychological 
processes at work include appraisal of caregiving, ongoing emotional response (emotions) and 
downstream effects of emotional response (broadening and building), perception of stress, and 
coping. Appraisal of caregiving includes the cognitive appraisal of day-to-day caregiving 
demands. Borrowing from Lazarus and Folkman, appraisals to caregiving related demands can 
be categorized as follows: harm, threat, challenge. We also include benefit appraisals in the 
appraisal process. Depending on how the stimuli is appraised, one’s perception of stress changes. 
In the context of caregiving for an advanced cancer patient, if the caregiver appraises the day-to-
day caregiving demands as threatening, they perceive more stress than if they appraise the 
demands as challenging or beneficial.  Perceived stress is conceptualized as a relationship 
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between the person and the environment— that is if caregiving is appraised by the person as 
taxing or exceeding his or her resources then they perceive stress. When day-to-day caregiving is 
perceived as stressful a person responds by attempting to cope with the stimulus. Coping refers 
to the caregiver’s efforts to manage the demands of caregiving. Coping includes cognitive and 
behavioral efforts to manage (reduce, minimize, master, or tolerate) the internal and external 
demands of the person-environment transaction that is appraised as taxing or exceeding the 
person's resources. Coping occurs in response to perception of stress, and can in turn produce 
more positive emotions depending on the type of coping the caregiver uses. For example, coping 
strategies like meaning-based coping and seeking out social support might increase a caregiver’s 
chance of experiencing positive emotions.  
In tandem with appraisal, perceived stress, and coping response to stress, positive and 
negative emotions co-occur in the context of caregiving for an advanced cancer patient. Here we 
focus primarily on the potential downstream effects of positive emotions. Positive emotions lead 
to momentary broadening to increase chances of challenge or benefit appraisal, and cognitive 
flexibility, and building of resources for non-threat appraisal and more functional coping. When 
positive emotions are experienced, individuals may be more likely to appraise the stressors as a 
challenge or benefit (Tong, 2017). Based on the literature review, the effects of positive 
emotions are relatively unknown in the context of caregiving for an adult with advanced cancer. 
Positive emotions are posited to have unique downstream effects (i.e., distinct from negative 
emotions) that may increase longer-term building of resources for non-threat appraisal and more 
functional coping (e.g., social support, self-efficacy). The accumulation of psychological 
processes in turn is linked to biological processes and psychological health.  
 35 
Cumulative Biological Response 
While psychological processes work to respond to caregiving related demands, a 
concurrent iterative and dynamic biological process responds to perceived stress. Responses to 
stressors that are appraised as threatening or harmful are well understood in terms of 
psychological processes (negative emotions such as fear), and physiological responses to stress 
(e.g., glucose release, through activation of the hypothalamic-pituitary axis) to fuel physical 
responses (e.g., fleeing) (Herbert & Cohen, 1993).  For a more comprehensive description of 
stress-related biological processes please see systematic reviews by Hillhouse (1991), and Park 
(2018). An interaction between psychological and biological processes by which positive 
emotions buffer stress response may reduce biological threat responses, improve more functional 
immune response (Del Giudice & Gangestad, 2018), and reduce downstream effects of chronic 
stress responses such as immune and glucocorticoid dysregulation. Although we posit that 
positive emotions protect and reduce biological threat responses, little is known about the 
biological underpinnings of positive states, and even less about how positive states might buffer 
biological underpinnings of negative states. Psychological and biological responses to stress 
accumulate and impact caregiver health outcomes including psychological health, physical 
health, and quality of life.  
Health and Quality of Life 
The accumulation of psychological and biological processes impact health outcomes of 
caregivers. We conceptualize health and quality of life as indicated by risk for illness (e.g., risk 
for cardiovascular disease), presence of symptoms (e.g., pain, fatigue, depression, anxiety) and 
functionality (e.g. physical and social functioning). For example, the downstream impacts of 
having more experiences of positive emotions and more resources, includes improved 
psychological health (more beneficial coping), physical health (reduced risk for cardiac and 
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immune related illness), and quality of life outcomes (quality of relationships with social 
supports and the care recipient). And in contrast, downstream impact in individuals with few 
experiences of positive emotions and/or high negative emotions can reduce quality of life 
outcomes such as increasing feelings of loneliness. 
Upward Spiral 
Lastly, a relatively unexamined concept in the included studies, “the upward spiral” is 
denoted by several recursive dashed arrows. The upward spiral refers to recursive evidence that 
positive emotions and broaden and building functions of those positive emotions lead to more 
experiences of positive emotions and emotional well-being (Kok et al., 2013). In the context of 
advanced cancer caregiving, the upward spiral noted in healthy adults may not be as evident, due 
to the nature and intensity of caregiving. However, this linkage has not been examined in the 
current literature perhaps due to challenges in collecting longitudinal data in caregiving 
populations. We maintain this concept, despite the lack of evidence in the context of cancer 
caregiving, because we wish to highlight the value of designing future investigations that include 
longitudinal repeated measures. Such studies might help to illuminate the mechanisms by which 
some caregivers seem to have ongoing health and well-being despite the potential for negative 
outcomes.  
Application of the Theory of Chronic Stress Responses and Positive Emotions in the 
Context of Cancer Caregiving to Intervention Development 
Evidence has shown that positive emotions can co-occur with negative emotions in 
caregiving contexts (Folkman, 1997), and that the experience of positive emotions is modifiable 
through interventions (Galante et al., 2014; Sin & Lyubomirsky, 2009). Therefore, we suggest 
positive emotions as the primary target for interventions developed from the Theory of Chronic 
Stress Responses and Positive Emotions in the Context of Cancer Caregiving as potentially 
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beneficial for caregiver outcomes. Interventions highlighted in the literature review have clear 
specific positive emotions that might increase in response to the intervention tested, these include 
gratitude (Applebaum et al., 2018; Harvey et al., 2018; Northouse et al., 2005; Northouse et al., 
2014; Northouse et al., 2013) pride,(Li et al., 2015; Northouse et al., 2014), serenity (Milbury et 
al., 2015),  awe (Milbury et al., 2015), hope (Northouse et al., 2005; Northouse et al., 2013), 
inspiration (Walsh et al., 2004), interest (Walsh et al., 2004), and general positive emotions 
(Northouse et al., 2005; Northouse et al., 2013). Positive emotions focused interventions (e.g., 
loving kindness meditation, meaning-based coping, and gratitude practices) have been found to 
have moderately significant effect sizes on reducing depression and anxiety in healthy adults 
(Galante et al., 2014; Sin & Lyubomirsky, 2009), but their efficacy in caregivers has not been 
well tested. Positive emotions are a potentially modifiable component through which caregivers 
can learn to increase their daily positive emotion experiences. Based on the interventions 
included in this synthesis, positive emotions such as gratitude, pride, serenity, inspiration, 
interest, and hope are all promising targets. Focusing on specific positive emotions more likely to 
be experienced during caregiving contexts may improve the applicability and relevance to 
caregivers. In comparison, interventions focused on increasing general positive emotions may 
also be beneficial, but could subject caregivers to unintended consequences such as imposing 
“fake it till you make it” ideals, and over emphasizing the positives. These unintended 
consequences could be more harmful in the long run. Instead, we suggest using evidence-based 
interventions focused on increasing opportunities to find moments of specific and genuine 
positive emotions at appropriate times during caregiving will have less unintended consequences.  
In addition, by better understanding how and when positive emotions are felt when caregiving, 
researchers can design interventions that are tailored to this population.  
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Discussion 
  This theory synthesis used the three-step process outlined by Walker and Avant (2011) 
and employs a rigorously conducted literature search to assess the current evidence for the PNI-
based paradigm and Broaden-and-Build Theory of Positive Emotions in the context of advanced 
cancer caregiving. The resulting theory synthesis provides a starting point for nurses, health care 
professionals and researchers seeking to improve the lives of advanced cancer caregivers. The 
synthesized theory describes how positive emotions and downstream effects of positive emotions 
might buffer stress responses in the context of advanced cancer. The final conceptual model 
depicts six core concepts: Context of caregiving, day-to-day caregiving demands, psychological 
processes, biological processes, health/quality of life, and the upward spiral.  
Strengths and Limitations 
 This theory is not the first to include the positives that can be found in caregiving, but 
offers a different perspective by highlighting a target that is modifiable through intervention - 
positive emotions alongside the potential mechanisms that positive emotions may trigger that 
function to buffer stress processes. A strength of the Theory of Chronic Stress Responses and 
Positive Emotions in the Context of Cancer Caregiving is that is encompasses a holistic 
psychological process that includes PTG and Benefit Finding as potential processes that may or 
may not occur. For example, when day-to-day caregiving related stressors are appraised as 
threatening or traumatic, the subsequent perception of stress might not immediately lead to 
beneficial coping behaviors but over time the caregiver may experience PTG. In addition, the 
Theory of Chronic Stress Responses and Positive Emotions in the Context of Cancer Caregiving 
further specifies concepts and relationships specific to positive emotions and provides a potential 
link between psycho-biological processes and health outcomes important in nursing and other 
health disciplines.    
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 In addition to being a more encompassing theory, the Theory of Chronic Stress 
Responses and Positive Emotions in the Context of Cancer Caregiving, is also strengthened by 
the rigorous methods used. This theory is one of the first to use a rigorous and replicable method 
for synthesis. Moreover, the theory was created by a multidisciplinary team with experts in 
theory development (BLF, SJS), positive emotions (BLF), psychology (BLF), 
psychoneuroimmunology (SJS, KRT), cancer survivorship (DKM), and nursing (SJS, DKM, 
KRT). Each of the authors unique perspectives contributed to the development of the theory by 
taking into consideration conceptual issues in theory development, relevance to clinical practice, 
and reflection of the authentic experience of caregivers of advanced cancer patients.  
 There are several limitations regarding this theory synthesis including the limited scope 
of the literature review, and the use of a single screener and full-text reviewer for the literature 
review portion. Despite these limitations, we offer this theory as a guide for hypothesis 
generation, intervention development and research on stress processes in the context of 
caregiving for an advanced cancer patient.  
Future Research Implications 
 The findings from the literature review included in this theory synthesis highlight several 
interventions that have been tested that may increase positive emotions, however these studies 
often do not measure positive emotions. Future research may benefit from examining whether 
these interventions might work to increase health and QOL, to what degree these interventions 
could work, for whom they could best benefit, and how psychosocial interventions that work to 
improve health and QOL. Understanding these mechanisms can help researchers to design more 
effective interventions. In addition, borrowing and adapting interventions from positive 
psychology that have been found to be effective in healthy adults may be a potential avenue for 
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future intervention studies. Even so, advanced cancer caregiving is a unique context that may 
require additional adaptations of existing interventions.   
 In addition to intervention research, future research may benefit from examining 
caregivers who seem to flourish or have better health outcomes than other caregivers. 
Specifically, the upward spiral concept, which has been largely unexamined in extant empirical 
work, may reveal mechanisms for why some caregivers do better than others.  
Conclusion 
The theory that results from the synthesis of these two extant theories has potential to 
help nurses and others understand a broader range of factors that can influence the effects of 
cancer caregiving-related stress on health outcomes for caregivers. Understanding these factors 
will not only enable nurses and other health professionals to better identify cancer caregivers at 
risk for negative health outcomes, but also offer direction for where and how to intervene to 
protect the health and wellbeing of cancer caregivers. Importantly, the resulting theory synthesis 
has the potential to broaden the focus from negative aspects of caregiving to include factors that 
can buffer stress and enable caregivers to flourish notwithstanding the challenges they face. The 
evidence base for this theory synthesis borrows from literature in psychoneuroimmunology and 
positive psychology. Many empirical relationships between the concepts highlighted in the 
theory synthesis remain unknown. Future research is needed to elucidate the mechanisms by 
which positive emotions work to improve the health of advanced cancer caregivers, and how to 
best intervene in their lives for greatest impact, both for them and for the patients in their care. 
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Figure 2.1: PNI-Based Paradigm Model-Experience of Being a Caregiver of a Patient with 
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Table 2.1: Theories for Synthesis and their Focal Concepts, Conceptual Definitions, and 
Operationalization 
PNI-based paradigm 
Focal concepts: conceptual 
definition 
Operationalization from included studies and examples 
Person factors/co-factors:  
Variables that predispose an 
individual to stress, coping, and 
health patterns) 
Demographics, health habits, caregiver health status, life factors, 
caregiving factors  
-Demographics: Age, gender, race, ethnicity, employment status, 
marital status 
-Health habits: Smoking, caffeine use, alcohol use, drug use, and 
exercise 
-Current health status: Charleston comorbidity index, medication 
use, BMI 
-Caregiving factors: Relationship to patient, shared caregiving, 
cohabitation with patient 
-Genetics: gene polymorphisms of immune and neuroendocrine 
related genetic code 
-Patient factors: cancer diagnosis, age, gender, race, ethnicity 
Psychosocial 
Perceived Stress: Relationship 
between the person and the 
environment that is appraised by 
the person as taxing or exceeding 
his or her resources 
Self-reported perceived Stress 
-Perceived Stress Scale (Cohen et al., 1983)  
-Caregiver Reaction Assessment (Given et al., 1992)  
Coping: Caregiver’s active efforts 
to manage the demands of 
caregiving (adaptive and 
maladaptive) 
Self-reported coping behaviors 
-Brief COPE Inventory (Carver, 1997)  
Psychological States: Emotional, 
affective, and mood states 
Self-reported felt emotions, affect, and moods  
-Positive and Negative Affect Scale (Watson, 1988)  
-Profile of Mood States (Biehl, 1975)  
Neuro-biological: Internal neuro-
physiological processes related to 
the peripheral and central nervous 
system. 
Systemic or local hormone levels related to the hypothalamic-
pituitary axis and sympathetic-adrenomedullary system  
-Cortisol (Saliva, serum, hair) 
-Norepinephrine/Epinephrine 
-Physiological Indicators of autonomic nervous system function 
(Heart rate, blood pressure) 





Indicators of immune function: systemic or local cytokine levels  
-Monocyte gene expression 
-Pro-inflammatory cytokines 
-Anti-inflammatory cytokines 
-Inflammation Risk: Low-density lipoprotein, High-density 
lipoprotein, C-Reactive Protein, Copeptin 
 
Health: A person’s psychosocial 
functioning, quality of life and 
physical health. 
Self-reported psychological health, physical health, quality of life, 
and related symptoms 
-Anxiety: State-Trait Anxiety Inventory (Spielberger, 1983), 
PROMIS Anxiety (Flynn et al., 2015; Merriwether et al., 2017)  
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-Depression: PROMIS Depression (Flynn et al., 2015; 
Merriwether et al., 2017), Center for Epidemiologic Studies 
Depression Scale (CES-D) (Radloff, 1977)  
-Fatigue: Lee Fatigue Scale (Lerdal, 2013)  
-Sleep Disturbance: Pittsburg Sleep Quality Inventory (Buysse, 
1989)  
-Quality of Life: 36-item Short Form Health Survey (SF-36; 
McHorney et al., 2993)  
Broaden-and-Build Theory of Positive Emotions 
Factor/ Component: Conceptual 
definition 
Operationalization from included studies and examples 
Positive Emotions: Momentary 
multisystem response to a change/ 
circumstance registered as good for 
the self. E.g. Joy, love, gratitude, 
contentment, hope. 
Self-reported frequency or intensity good feeling emotions are felt in 
current moment or recent past (e.g., love, joy, awe, contentment).  
-Positive Affect and Negative Affect Scale (“At this moment” 
time referral; Watson, 1988)  
 
Functions 
Broadening of attention and 
thinking: Momentary increased 
cognitive flexibility, and a wider 
view and ability to see beyond 
the current circumstances. E.g. 
Creative thinking, awareness of 
potential avenues. 
Perceived increased ability to see past the current caregiving 
situation by reducing perceived negative/ threat appraisal, increasing 
positive/ challenge appraisal, and benefits of caregiving and meaning 
in life.  
*Downstream outcome measures of broadening:  
-Appraisal: Appraisal of caregiving scale (Oberst et al., 1989)  
-Meaning Finding meaning through caregiving scale (Farran, 
1999)  
-Benefit finding: Benefit Finding Scale (Tomich & Helgeson, 
2004), Behr’s positive contributions scale (Behr, 1992)  
 
Building of resources: The 
process of developing and 
maintaining resources for coping 
E.g. Skills, knowledge, resilience, 
social ties 
Perceived internal, physical, and social resources available for 
coping with caregiving related stressors. 
*Downstream outcome measures of building:  
-Self-efficacy: Generalized self-efficacy scale (Schwarzer, 1995)  
-Social support: Multidimensional scale of perceived social 
support (Zimet, 1988), Social relational quality scale (Hou, 2009)  
-Resilience: Brief resilience scale (Smith, 2008)  
-Coping: Ways of coping inventory (Folkman, 1988), Brief 
COPE inventory (Carver, 1997)  
Health: A person’s physical and 
psychological condition 
.  
Perceived physical health, psychological health and quality of life.  
-Psychological Health: Hospital anxiety and depression scale 
(Zigmond & Snaith, 1983), CES-D (Radloff, 1977)  
-Spiritual well-being: Functional assessment of chronic illness 
therapy spiritual well-being scale (Peterman, 2002)  
-General Health: General health questionnaire-12 (Goldberg, 
1970)  
-Quality of Life:  SF-36 (McHorney et al., 1993)  
Upward spiral: Increasing 
experience of positive emotions 
reciprocal broadening of attention 
and thinking as a result of 















that alter a person’s 
experience of caring 
for a patient with 
advanced cancer)  
Caregiver Individual caregiver 
characteristics that might 
influence the caregiving context 
Demographic moderators (age, sex, 
race/ethnicity, education), caregiver’s 
personality, affect, and past 
experiences 
Patient Factors Patient related characteristics 
that might influence the 
caregiving context 
Patient cancer diagnosis, co-
morbidities, personality, age, 
complications related to cancer 
Social Social or relationship 
characteristics that might 
influence the caregiving context 
Multiple caregiving roles, shared 
caregiving with others, relationship to 
patient, availability of family/friends 
Environmental Environmental related 
characteristics that might 
influence the caregiving context 
Distance from treatment center, living 
quarters post-transplant 




tasks related to the 





Physical caregiving demands Assistance with activities of daily 





Caregiving demands related to 
the coordination of care for the 
patient after transplant 
Medication management, care 






demands related to supporting 
the patient’s psychological 
health 
Attending to patient’s psychological 
needs, helping patient’s keep a 
positive perspective, providing words 







demands and the 
aggregation of these 




response to a 
change/circumstance registered 
as good for the self 
Love, joy, gratitude, amusement, awe, 




response to a 
change/circumstance registered 
as bad for the self.  
Anger, shame, contempt, disgust, 
embarrassment, guilt, hate, sad, stress 
Appraisal  Appraisal of caregiving includes 
the cognitive appraisal of day to 
day caregiving demands.  
Threat (demands exceeding coping 
resources), non-threat/challenge 
(demands not exceeding coping 
resources) neutral. 
Perceived stress  Relationship between the person 
and the environment that is 
appraised by the person as 
taxing or exceeding his or her 
resources   
Person’s perception of how stressful a 
situation is. 
 Coping  Caregiver’s active efforts to 
manage the demands of 
caregiving (adaptive and 
maladaptive) 
Seeking social support, utilizing 




Momentary increased cognitive 
flexibility, and a wider view and 
Broad minded coping, awareness of 
potential avenues, creative thinking, 
finding meaning 
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The process of developing and 
maintaining resources for 
coping  







caregiving for a 




Hormones related to the 
hypothalamic-pituitary-adrenal 
axis-Long-term physiologic 
responses related to stress 
-Cortisol (Saliva, serum, hair) 
-Gamma-aminobutyric acid (GABA)-
ergic function 
SAM Axis Hormones related to the 
sympathomedullary axis- Fight 
or flight, immediate short-term 
physiological changes related to 
stress response  
- Norepinephrine/Epinephrine  
-Physiological Indicators of 
autonomic nervous system function 
(Heart rate, blood pressure) 
GB Axis Hormones relate to the gut-brain 
axis which connects the enteric 













Absence or presence of 
psychological pathology 
Anxiety and depression 
Physical Health Absence or presence of physical 
pathology 
Fatigue, pain, weight, sickness, 
cardiovascular disease 
Quality of Life Ability to engage in life (e.g. 
social functioning, physical 
functioning)  
Relationship quality, social isolation 
 
Ability to lift items, ability to 
physically do the things you want to 
do 
Upward spiral  Evidence of positive emotions and broaden and 
building functions of positive emotions leading to 
more experiences of positive emotions and 
emotional well-being 
Feeling emotion “interest” spurs a 
person to talk to an expert on the 




Figure 2.3: Included Studies PRISMA Diagram 
 
 
Table 2.3: PNI Related Studies Focal Concepts Heat Map 







Aguilo 2018 Cross-sectional (n=20)      
Bevans 2016 Longitudinal-Descriptive (n=21)      
Dhruva 2015 Longitudinal-Descriptive (n=85)      
Laudenslager 
2015 
RCT (n=148)      
Lengacher 2012 Longitudinal-Pilot Study (n=26)      
Li 2017 Cross-sectional (n=26)      
Lucini 2008 Observational study (In lab) (n=58)      
Miller 2014 Longitudinal -Descriptive (n=33)      
Nightengale 2017 Longitudinal-Descriptive (n=32)      
Pawl 2013 Cross-sectional (n=133)      
Pinar 2015 RCT (n=44)      
Rohdler 2009 Longitudinal-Descriptive (n=18)      
Sherwood 2016 Longitudinal-Descriptive (n=18)      
Thomas 2012 Longitudinal-Descriptive (n=19)      










Full Text Review (n=99)
Cites McCain & 
Smith 1994 (n=1)
Cites McCain 2005 
(n=24)
PubMed (n=110)
Records Screened by Title & 
Abstract (n=876)
Excluded studies after full-text review (n=63)
• Not quantitative (n=28)
• Not advanced cancer caregiver (n=22)
• Did not include at least two concepts of 
interest (n=13)
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Table 2.4: Positive Emotions Related Studies Focal Concepts Heat Map 










Applebaum 2018  Pilot RCT (n=84)      
Cassidy 2013  Cohort sequential (n=842)      
Cooper 2006 Cross-sectional-Descriptive 
(n=160) 
     
Fife 2013  Longitudinal-Descriptive (n=193)      
Fitzell 2010  Longitudinal Descriptive (n=622)      
Han 2014  Cross-sectional-Descriptive 
(n=301) 
     
Harvey 2018  RCT (n=64)      
Hou 2018  Longitudinal Descriptive (n=83)      
Kang 2013  Cross-sectional-Descriptive 
(n=501) 
     
Langer 2007  Longitudinal-Experimental (n=42)      
Li 2015  RCT (n=117)      
Li 2018  Cross-sectional-Descriptive 
(n=722) 
     
Milbury 2015  Pilot RCT (n=15)      
Northouse 2005  RCT (n=134)      
Northouse 2013  RCT (n=484)      
Northouse 2014  Pilot RCT (n=38)      
Reblin 2018  Longitudinal-Descriptive (n=147)      
Reblin 2019  Longitudinal-Descriptive (n=101)      
Son 2012  Cross-sectional-Descriptive 
(n=100) 
     
Tan 2015  Cross-sectional-Descriptive (n=79)      
Wagner 2011  Longitudinal-Descriptive (n=40)      
Walsh 2004  Pilot RCT (n=40)      








Figure 2.5: Visual Representation of Theory Synthesis: Theory of Chronic Stress 
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CHAPTER 3: CASE-ORIENTED EXAMINATION OF CAREGIVING FOR AN 
ALLOGENEIC BONE MARROW TRANSPLANT PATIENT: PSYCHOLOGICAL, 
SYMPTOM, AND BIOLOGICAL RESPONSES 
Family and friend caregivers are increasingly called upon to care for patients undergoing 
an allogeneic bone marrow transplant (BMT) during the peri-transplant period (the 
approximately 12 weeks total, immediately preceding, during, and following transplant). 
Evidence has shown that BMT caregivers are at higher risk for stress related health problems 
including depression, anxiety, fatigue, and cardiovascular disease than non-caregivers (Schulz & 
Beach, 1999; Stenberg et al., 2010; Trevino et al., 2017). Trends in earlier discharge of BMT 
patients to ambulatory care, with the consequent shifting of clinical care responsibilities to 
caregivers will further increase the burdens experienced by these caregivers (Applebaum et al., 
2016). More recently, patients receiving an allogeneic BMT have been discharged as early as a 
few days post-transplant to the responsibility of their caregivers. Typically, past studies have not 
examined the experiences of caregivers during the peri-transplant period particularly during the 
transition from inpatient to ambulatory care when their demands and stress levels can reasonably 
be expected to be heighten overtime (Applebaum et al., 2016).  
Background 
Caregivers are essential to the care of patients receiving an allogeneic BMT, thus 
caregivers’ health status is an important contributor to their ability to provide care to maximize 
patient outcomes. In fact, caregivers are considered so vital that BMT programs in the United 
States (U.S.) typically require patients to identify at least one committed caregiver to provide 
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care 24 hours a day, 7 days a week during the peri-transplant period before proceeding with the 
procedure (Applebaum et al., 2016; Foster et al., 2005). Until they consistently display clear 
evidence that the BMT has engrafted (e.g., return of white blood cells), have stable vital signs, 
and are able to maintain nutritional status and weight, patients are typically hospitalized; 
discharge typically occurs about 30 days post-transplant. At that point, patients who live distant 
from the BMT center will move to a private room or other type of temporary housing for up to 
one year so they may have ready access to BMT specialists. Outpatient care consists of both 
daily clinic visits for laboratory and clinical assessments by health professionals and round the 
clock monitoring by the caregiver for transplant related toxicities, for example, signs of graft-
versus-host disease (rashes, jaundice, blisters),  mental status changes, infection (fever, chills), 
gastrointestinal symptoms (diarrhea, mucositis, nausea, vomiting), alterations in fluid balance 
and nutritional intake, myelosuppression (bruising, bleeding), and psychosocial issues (anxiety, 
depression, fatigue, sleep impairments) (Atilla et al., 2017; Bergeron, 2017; Maffini et al., 2017). 
While the patient is residing in temporary housing or at home post-transplant, the responsibilities 
for transportation, medication management, clinical monitoring and deciding whether to contact 
a health professional lies solely with the identified caregiver (Von Ah et al., 2016; Williams, 
2007). Nonetheless, little is known about how shifts in care setting, that is, from hospital to 
temporary housing or home, and changing caregiving demands affect subjective and objective 
indictors of caregiver health overtime. 
Despite their caregiving burdens, caregivers are not comprehensively and systematically 
monitored and referred to resources as indicated during the peri-transplant period. Typically, 
caregivers are initially screened pre-transplant to ensure they are mentally and physically capable 
of providing the care that BMT patients can be expected to need (Gemmill et al., 2011). 
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Subsequently, follow-up monitoring varies by treatment center and can range from informally 
checking in during a clinical visit to ask how the caregiver is doing to formal monitoring through 
distress screening (Wulff-Burchfield et al., 2013). The later, however, is a rare occurrence with 
the focus being primarily on the index patient’s symptoms and well-being. As such, more 
frequent and regular screening for caregiver distress is needed to provide earlier intervention and 
support for caregivers. Providing additional support for the caregiver may in part increase their 
ability to care for the patient during the peri-transplant period and ultimately improve patient 
outcomes post-transplant.  
Certain factors are known to place caregivers at higher risk for experiencing caregiving 
related stress such as younger age (age < 35) (Kent, 2020; Simoneau et al., 2013) and having 
multiple caregiving roles (Bevans & Sternberg, 2012; Simoneau et al., 2013). Younger 
caregivers (< 35 years old) may lack life experience managing caregiving demands (Kent, 2020; 
Kim & Carver, 2012; Simoneau et al., 2013). Moreover, responsibilities for children (aged 0-17 
years) and/or elderly family members may compete with the BMT patient for caregivers’ time 
and attention (Bevans & Sternberg, 2012; Simoneau et al., 2013). Each risk factor may have its 
own unique effects on caregiving related stress, and the presence of multiple risk factors at 
baseline screening may indicate a need for more intensive caregiver monitoring and psychosocial 
support.   
The literature lacks an in-depth examination of the effects of multiple factors on 
caregivers’ risk for caregiving related stress, negative caregiving experiences, and poorer health 
outcomes during the peri-transplant period and beyond, for example, risk for onset of stress-
related diseases (e.g., high-sensitivity (HS) c-reactive protein (CRP) level, an indicator of 
cardiovascular disease risk (Emerging Risk Factors et al., 2010)). In addition, few studies 
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examine biological changes in response to stress such as interleukins (IL)-6, 1B, 10, and brain-
derived neurotrophic factor (BDNF) a protein that encourages nerve growth (Correa et al., 2015; 
Lengacher et al., 2012; Park et al., 2018). These may be indicators of internal stress response 
indicative of inflammation and immune dysfunction. Furthermore, few studies have followed 
caregivers as they transition into the ambulatory setting following the index patient’s hospital 
discharge.  
Study Theoretical Framework 
In examining stress response in allogeneic BMT caregivers, a theoretical framework is 
needed to organize the various variables involved in stress response. The proposed study and 
subsequent analysis are guided by a synthesis (Figure 3.1; Tan et al., 2020) of the PNI based-
paradigm (McCain et al., 2005; McCain & Smith, 1994) and the Broaden-and-Build Theory of 
Positive Emotions (Fredrickson, 2004, 2013). In the context of caregiving, caregiving-related 
demands are initially perceived and subsequently appraised as adverse, beneficial, or neutral 
(McCain et al., 2005; McCain & Smith, 1994). During and after the appraisal of these stressors, 
caregivers experience psychological and physiological responses. Psychological responses such 
as positive emotions may buffer the effects of stress on physiological changes. For example, 
positive emotions may serve an adaptational role that enables individuals to build resources key 
to survival such as social support for the caregiver (Fredrickson, 2004, 2013). In the context of 
caregiving, both negative and positive emotions are experienced despite the situation being one 
generally viewed as being burdensome (Autio & Rissanen, 2017; Gibbons et al., 2019; Li & 
Loke, 2013). Positive emotions (e.g., joy, gratitude, love) can enable individuals to broaden their 
mindsets, for example, by adopting perspectives that do not deny the danger but allow one to see 
the situation more broadly to include benefits in potentially stressful situations such as 
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caregiving and thus cope in more functional ways (Fredrickson, 2004, 2013). In contrast, 
negative emotions may exacerbate the brain’s appraisal of the stressor as dangerous. These 
“threat” appraisals trigger the brain to activate the PNI axis to produce a cascade of responses 
including pro- and anti-inflammatory cytokines which is initially advantageous when responding 
to acute stressors in that biological resources (glucose) are made more readily available (McCain 
et al., 2005; McCain & Smith, 1994). However, prolonged PNI axis activation can lead to 
inflammatory dysregulation and downstream negative symptoms (anxiety, depression, fatigue, 
pain, sleep disturbance; Correa et al., 2015; Herbert & Cohen, 1993). Prolonged high levels of 
pro-inflammatory cytokines (e.g., Interleukin (IL) -6, IL-1B), lower levers of anti-inflammatory 
cytokines (e.g., IL-10) and lower BDNF levels can worsen negative symptoms (e.g., anxiety, 
depression) (Correa et al., 2015; Herbert & Cohen, 1993).  
The purpose of this research is to describe the caregiver’s experience over 8-12 weeks 
after the index patient’s allogeneic BMT using a case-oriented approach and mixed methods, 
with qualitative methods in the foreground.  The aims of this manuscripts are to:  
Aim 1: Describe caregiver experiences during the 8-12 weeks post-transplant.  
Aim 2: Describe trends in caregiver stress, biological indicators of stress (IL-1B, IL-6, IL10, 
BDNF, and CRP), psychological responses (emotions, meaning in caregiving), PN symptoms 
(anxiety, depression, fatigue, sleep disturbance), and quality of life across 8-12 weeks post-
transplant. 
The qualitative results of Aim 1 are expected to reveal how caregivers cognitively and 
emotionally respond to caregiving for these high-risk patients. These findings may be helpful in 
designing relevant interventions targeted at stress regulation. The results of Aim 2 will be used to 
identify intervention targets, and key timepoints when caregivers should be diligently monitored 
 66 
for caregiving-related stress and stress-related symptoms. Overall, the case-oriented results of 
this manuscript may highlight unique situations that lead to higher caregiving-related stress.  
Methods 
 A longitudinal case-oriented design utilizing qualitative and quantitative data collection 
and analysis, was used to examine the symptom and psychological experiences of eleven primary 
caregivers of patients receiving an allogeneic BMT over the first 12 weeks after transplant (Tan 
et al., 2021). A case-oriented design is useful for conducting an in-depth examination of unique 
situations that lead to higher caregiving related stress experiences.  
Setting and Sample 
Maximum variation sampling, a type of purposive sampling (Patton, 2002), was used to 
identify potential participants from a National Cancer Institute-designated comprehensive cancer 
center’s BMT outpatient clinic in the southeastern United States (North Carolina Cancer 
Hospital/NCCH). This type of sampling involved recruiting participants based on specific 
characteristics suggested to affect caregiving-related stress (i.e., caregiver age, gender, and 
employment status).  
Data were collected at NCCH’s BMT outpatient clinic, intermediate-stepdown BMT 
nursing unit and home or temporary housing after discharge. Approval for the study was 
obtained from Lineberger Comprehensive Cancer Center Protocol Review Committee (LCCC 
PRC #1831), University of North Carolina at Chapel Hill (UNC) Institutional Review Board 
(IRB #18-1703), and the UNC Healthcare Nursing Research Council. 
Eligibility   
Index patients were identified from the NCCH BMT Program admission schedules and 
BMT clinic schedules. The eligibility criteria for index patients were that they be 1) scheduled to 
receive an allogeneic BMT in the next month, 2) aged 18 years or older, and 3) to use the 
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English language well enough to provide informed consent and authorization for abstraction of a 
limited set of demographic and clinical data from their electronic health record (EHR). To be 
eligible for the study, caregivers had to be 1) identified as a designated caregiver of an index 
patient, 2) aged 18 years or more, 3) able to use the English language well enough to provide 
informed consent and participate in study interviews and complete the surveys, and 4) screened 
for fear of blood or history of fainting at the sight of blood (caregivers who screen positive for 
either of these were excluded from the study). Full recruitment procedures are available in an 
associated protocol manuscript (Tan et al., 2021). 
Measures 
Three types of data collection were used to explore caregivers’ experiences over 12 
weeks after the index patient’s BMT: (1) weekly self-reported survey data, (2) bi-weekly 
biological indicators, and (3) monthly semi-structured interviews.  
Self-Report Measures 
Demographics. A modified version of the BRICS NINR Demographics survey (National 
Library of Medicine, 2016) was used to collect caregiver data including four demographic items 
(age, sex, race, and ethnicity), four socio-economic items (highest degree received, marital 
status, income, usual employment status). Four other context related items were also added 
(current employment status, relationship to patient, duration of that relationship). 
Positive Psychological States. The Modified Differential Emotions Scale (mDES) 
(Fredrickson, 2013) is a self-report of ten positive and ten negative emotions felt in the last week. 
Weekly, participants were instructed to select the frequency they felt a particular emotion in the 
past week using a 5-point Likert response scale anchored by 0=never and 4=most of the time 
(Fredrickson, 2013). Scores for positive and negative emotion items are totaled separately. The 
mDES is a reliable tool for measuring positive (α = 0.86-0.94) and negative (α = 0.82-0.85) 
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emotions in healthy adults (Fredrickson, 2013). Additionally, the mDES encompasses a wider set 
of positive emotions than the Positive and Negative Affect Schedule (PANAS) (Fredrickson, 
2013).  
Weekly, meaning in caregiving was measured via the Positive Aspects of Caregiving 
(PAC) scale, which includes two domains: self-affirmation (6 items) and outlook on life (3 
items) (Tarlow et al., 2004). Respondents were asked to indicate their response to statements 
about how providing help to the care recipient has made them feel in the last week using a 5-
point Likert scale anchored by 1=strongly disagree and 5=strongly agree (e.g., Providing help to 
(the patient) has… “Made me feel needed”; “Enabled me to appreciate life more”; “Made me 
feel important”). Responses were summed for a total score; higher scores indicate more positive 
feelings (Tarlow et al., 2004). The PAC scale’s reliability ranged from Cronbach’s alpha 0.80 to 
0.86 (Tarlow et al., 2004).  
Appraisal of the Caregiving Experience.  The Appraisal of Caregiving Scale (ACS) 
was used to measure caregiver’s appraisal of the caregiving experience. The ACS contains 3 
domains 2 of which were measured: threat (13 items; “This situation threatens to overwhelm 
me”; “I’m not sure I will be able to handle this situation in the future”) and benefit (6 items; 
“I’ve discovered resources I never knew I had”) (Lambert et al., 2015; Oberst et al., 1989).  
Monthly, respondents were asked to indicate their response using a 5-point Likert scale anchored 
by 1=strongly disagree and 5= strongly agree (Lambert et al., 2015; Oberst et al., 1989). Scores 
were averaged by subscale. Higher scores represent greater threat or higher perceived benefits 
respectively. Past reliability testing for the ACS have been strong with Cronbach’s alpha ranging 
from 0.83 to 0.90 (Lambert et al., 2015; Oberst et al., 1989). 
Stress. The NIH Toolbox Perceived Stress (Ages 18+) Fixed Form v2.0 was used to 
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collect data on self-reported perceived stress weekly (Kupst et al., 2015). Respondents were 
asked about their stress experiences (e.g., “How often have you been upset because of something 
that happened unexpectedly?”; How often have you found that you could not cope with all the 
things you had to do?”) in the past week using a 5-point Likert scale anchored by 0=never and 
4=very often. Reponses are summed for a total score; higher scores indicate higher levels of 
perceived stress (Kupst et al., 2015). Reliability for the NIH Tool Box Perceived Stress survey is 
α = 0.91 (Kupst et al., 2015). 
Stress Response Symptoms. Stress response symptoms were measured weekly via the 
Patient-Reported Outcomes Measurement Information System-29 profile (PROMIS-29 profile). 
The PROMIS-29 profile contains the 4-item short-form versions of eight domains, four of which 
were measured in this study: anxiety (e.g., “I found it hard to focus on anything other than my 
anxiety), depression (e.g., “I felt worthless”), fatigue (e.g., “How run-down did you feel on 
average?”), and sleep disturbance (e.g., “I had a problem with my sleep”; Bjorner et al., 2014; 
Flynn et al., 2015; Merriwether et al., 2017).  Respondents were asked to indicate how often they 
experienced a particular symptom in the last seven days on a scale anchored by 1=never to 
5=always. Scores were averaged in each domain with higher average score indicating more 
symptoms experienced (Bjorner et al., 2014; Flynn et al., 2015; Merriwether et al., 2017). 
Reliabilities for the four domains have ranged from α = 0.85-0.95 (Bjorner et al., 2014; Flynn et 
al., 2015; Merriwether et al., 2017). In addition to domain sub-scores, a single total PN symptom 
score was generated by summing the totals of each domain score.  
Biological Indicators 
Blood samples were obtained every two weeks via venipuncture. The following 
venipuncture procedures were followed: 1) prepare supplies, 2) don gloves, 3) apply tourniquet, 
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4) identify vein, 5) clean site, 6) insert phlebotomy needle, 7) attach vacutainer serum separator 
tube to collect 5mL of blood, 8) withdraw needle, apply pressure, and bandage, 9) dispose of 
phlebotomy devices into sharps biohazard container, 10) invert SST tube, put on ice, and 
transport to UNC School of Nursing Biobehavioral Lab (BBL). Transported blood samples were 
then processed by the first author at the BBL using standard serum separation procedures: 1) 
allow specimen to sit at room temperature for 30 minutes, 2) centrifuge sample at 1100-1300 
rpm for 15 minutes, 3) aliquot 210 uL of serum into labeled tubes, and 4) freeze tubes of serum 
at -80 degrees Celsius for storage until all data collections were completed. All biological 
indicators were processed from a single 5mL serum separator tube blood sample. Enzyme linked 
immune-sorbent assays for each biological indicator were conducted by UNC School of Nursing 
BBL personnel per manufacturer protocol in duplicate against two controls (negative, company 
positive control) and company provided standard dilution series.  
Stress Response. Four biological indicators were used to measure biological stress 
response including three interleukins (IL-) and brain-derived neurotrophic factor (BDNF). 5mL 
of blood were collected in a serum separator tube via peripheral venipuncture from which serum 
was derived.  
Health Risk. Health in terms of risk for inflammation-related disease onset was 
measured monthly in serum via high sensitivity C-reactive protein (CRP). The serum was 
derived from the same 5mLs of whole blood from which the serum for the other biological 
assays were derived. 
Semi-Structured Interview 
The semi-structured interviews, were guided by a set of questions that allowed for the 
exploration of caregiving related experiences and perspectives on emotions felt while caring for 
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the transplant recipient (Appendix 2.1) The interviews were conducted every 4 weeks after 
participants completed the self-report surveys. 
Data Collection Procedures 
All data were collected by the first author. Index patient data was extracted from the EHR 
at baseline, after which the index patient’s participation in the study ended. Extracted patient data 
consisted of demographic (i.e. age, sex, race, and ethnicity) and clinical data (i.e. cancer 
diagnosis, date of diagnosis, date of transplant, and donor match). Caregiver data were collected 
weekly for up to 12 weeks on a convenient day chosen by the participant. Each week the 
participant completed a self-report survey on their own before meeting with the data collector or 
at the beginning of the data collection meeting on a study provided iPad. Bi-weekly, the first 
author met with the participant in a private location convenient to the participant and collected a 
5mL tube of blood via venipuncture. Every month, after completing the scheduled survey, an 
audio recorded semi-structured interview was conducted by the data collector.  After every data 
collection meeting, the first author composed detailed field notes documenting any protocol 
deviations, venipuncture location, interviewer reactions, and details not captured by audio 
recording. At visits where an interview was scheduled, venipuncture was completed at the end of 
the data collection meeting. Universal precautions and biohazard handling procedures were 
followed when collecting and transporting the blood specimen.  
COVID-19 Related Changes. Due to the coronavirus pandemic, all in-person data 
collection was halted in March of 2020 under the direction of the local IRB. Eight participants 
had completed the study and three participants were actively in the study. Active participants 
were invited to continue in a modified IRB approved study in which all data collection was 
conducted remotely. Surveys were sent to participants via e-mail or text message per their 
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preferences, and monthly interviews were audio recorded over telephone. As a result of the 
pandemic, blood collections for three participants were stopped to reduce risk of spread of 
COVID-19 to the index patient and caregiver participants. 
Data Analysis 
Statistical Analyses  
Descriptive statistics were conducted for all variables using R statistical software. For 
continuous variables, sample means, standard deviations, and ranges were calculated for pooled 
data and individual cases. For each standardized measure Cronbach alphas were calculated to 
reflect measurement reliability. For categorical variables, sample frequencies and percentages 
were calculated. 
Aim 1: Describe Caregiver Experiences During the 12 Weeks Post-Transplant 
Directed content analysis of the transcripts was conducted using themes based on the 
study framework (e.g., stress, stress appraisal, health, broadening of thought action repertoires, 
building of resources, and psychological resiliency) (Elo & Kyngas, 2008; Hsieh & Shannon, 
2005). A codebook was developed that included codes and definitions for codes from the study 
framework themes. The first transcript was read in its entirety and then deductively coded using 
the codes for the study framework themes using Dedoose®. Next, inductive in-vivo coding was 
performed on the first transcript to identify themes not captured by the study framework (Braun 
& Clarke, 2014). Codes identified from inductive in-vivo coding were added to the working code 
book and conceptually defined. One case in its entirety was analyzed at a time (up to four 
interviews). New codes were added to the code book and conceptually and operationally defined 
as interview transcripts were analyzed. Subsequent analyses used the latest version of the code 
book. Of the 38 completed interviews, 30% (12 interviews) were dually coded by the second 
author. The first (KRT) and second author (DKM) met and discussed codes and discrepancies at 
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four points during data analysis: after coding was completed for one transcript and after three 
cases of transcripts (4 transcripts each) were completed. The first author created themes by 
reviewing the recurring codes based on within and across case similarities and differences (Ayres 
et al., 2003).  
Aim 2: Describe the Trends in Caregiver Stress Response Across 8-12 Weeks Post-
Transplant 
Descriptive statistics was conducted for all variables using R statistical software: mean, 
standard deviation, and range was estimated for every continuous variable; frequencies and 
percentages were calculated for every categorical variable. The multiple data types were plotted 
across time and examined for trends (Figures 3.2-3.12). The first author used a case-oriented 
visual analysis to describe trends in the person reported data over the 12 weeks post-transplant 
informed by qualitative themes by graphically assembling the multiple types of quantitative data 
along a timeline and then visually searching for patterns (Docherty et al., 2016). Themes from 
the interview data are used to provide contextual grounding for the cases and insights into factors 
influencing caregiver stress, psychological states and quality of life. 
Results 
Sample Characteristics 
Caregivers ranged in age from 30 to 76 years (mean = 57.8 years, SD 13.3); care 
recipients ranged in age from 35 to 75 years (mean = 61.3 years, SD 11.1; Table 3.1). Of the 
eleven index patient participants, the majority received an allogeneic BMT as part of their 
treatment for either acute myeloid leukemia (AML; 36.4%) or myelodysplastic syndrome (MDS; 
36.4%), were primarily male (72.7%), almost all were White (90.9%), and all were not Hispanic. 
The majority of index patients received an HLA matched unrelated donor (63.6%) and about half 
received reduced intensity chemotherapy (54.6%). Of the eleven caregiver participants, all had 
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completed a high-school diploma/GED and had at least some college, the majority were female 
(72.7%), White (82.8%), and not Hispanic (90.9%).  A narrative description of each case is 
presented in Table 3.2.  
Aim 1. Describe Caregiver Experiences During the 8-12 Weeks Post-Transplant  
Caregivers in this study had a wide range of experiences during the eight to twelve weeks 
after transplant. We first highlight contextual themes that were noted by participants to impact 
their current caregiving situation.   
Caregiving Context 
  Day-to-day caregiving demands are often impacted by contextual factors such as 
caregiver factors (e.g., past experiences with caregiving). environmental factors (e.g., being in 
the hospital, temporary housing, or at home), social factors (e.g., sharing caregiving 
responsibilities, having another person to care for, and relationship with the patient), and patient 
factors (e.g., their mental well-being and clinical condition). 
Experiences Before Transplant. Before transplant, all eleven caregivers had 
experiences caregiving for the patient during the initial cancer diagnosis and during the patient’s 
initial cancer treatments.  
Initial Cancer Diagnosis. In the majority of cases, the patient’s cancer was discovered as 
a result of the caregiver noticing patient’s “not being themselves” and observing them having 
fatigue and shortness of breath. These symptoms often were experienced for months before the 
patient sought medical attention. Eli, an older caregiver described how his spouse was fatigued 
for three months.  
Leading up three months before we had a diagnosis, she had been feeling fatigued…it 
just got to the point finally where she and I both looked at each other and said, ‘you 
know, we got to do something. There’s something not right’. 
 
Victor, on the other hand describes the diagnosis as sudden.  
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It was fairly sudden. She just wasn’t feeling well and after about a week of not having any 
energy and coming down with a cough, she went to her GP. And the blood test came back 
and he said you are going to need a oncologist.  
In other cases, the cancer diagnosis came as a “surprise” after a routine care appointment 
where lab values came back out of range and the patient had no symptoms. Three caregivers 
described receiving a phone call warning them that something “was not right”. 
[She] went to get the first colonoscopy…they did the blood work, and [her doctor] said 
‘these numbers are so terrible our machine is messed up.’ They weren’t messed up [her] 
numbers were messed up ... I’ll never forget it…[her doctor said], don’t let her get cut. 
Just have her sit there ‘til we can get her in with the doctors next week’. 
 
Amelia, an older caregiver taking care of her husband, recounts the conversation she had with his 
doctor about critical lab values 
We went to the doctor’s office and just got routine labs done… [our doctor] called me 
two days later and asked me “is [he] okay?’ I said, “Yes, what do you mean?’. ‘Is he 
feeling okay?’…I said What’s going on?’ and he said, “His lab numbers are very off. 
There are critical values’. 
 
Caregiving after cancer diagnosis. Participants described that caregiving started before 
transplant was even an option, some perceived these experiences as challenging because 
“everything was new” and “difficult”. Becca described that seeing her husband struggle during 
transplant was hard to see and that “[she] had to, step up and pull along, or pick up and carry 
[him]” because he was “feeling depressed”. Eli, described those initial months of caregiving as 
“exhausting” and a time where “everything was channeled into where we need[ed] to be, when 
do we need to be there, and what needs to happen”. Caregivers also described themselves as the 
“strong one” or the “strong family grunt”. All eleven caregivers described how care consisted of 
monitoring and treating side effects, in addition to keeping patients safe.  
When he was at his worst with the side effects, I had to help him with his showers, and 
help him get dressed…when he was nauseous and vomiting, I’d do things like getting the 
nurse and staff to meet his needs. 
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Past Experiences with Transplant: “This is my second rodeo”. Two participants had 
previous experiences with transplant, and both noted that they were comfortable with the 
transplant process because they already “knew what was coming” in comparison to the first 
transplant. Becca was her husband’s primary caregiver after an autologous transplant.  
[The] first time we went through, it was like a whirlwind. We're just here, you know. 
We're, I'm not thinking... I'm not concerned about me. I'm concerned about what's going 
on with him, not knowing the process. 
 
Mark however, noted that the first transplant” wasn’t a bad experience”, but it should have been.  
First rodeo wasn't bad. It was almost too good. That's the problem, that it was too good. 
Her counts never got as low the first time…And when they did, they didn't stay long. They 
came right back up.  
 
For both of these caregivers, they both noted that things were “easier in some ways” because 
they knew what to expect, “knew the health care team” and “side effects to look out for”.  
Experiences before transplant for all eleven caregivers differed from each other, however, their 
experiences caring for the patient made them more comfortable with caregiving, but also “wore 
[them] down” before transplant even started.  
Context After Transplant: In the Hospital. After the decision to do transplant was 
made, the patient was admitted to the inpatient BMT unit for the transplant and monitoring for 
around 30 days as long as no complications occur. The hospital environment was described as 
“not great for sleep”. Participants often described getting little to no sleep because “bed alarms 
went off”, “people needed to check vitals” or to “check on him all the time”.  
 Although the hospital environment was “not great for sleep”, caregivers noted the 
comfort they felt knowing that there were “other people monitoring and looking out for the 
patient”.  
The comfort of knowing… the floor nurses are readily available 24 hours a day. If you 
have questions or concerns, that is a wonderful luxury, that should not be taken lightly 
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Context After Transplant: Discharged to Outpatient Care.  In many cases, the index patient 
had no complications and was able to be discharged approximately 30 days after transplant. 
Some participants were able to return to their own homes, whereas the majority (n = 7/11) lived 
in temporary housing for an additional two months. Caregivers and patients had to be within 10 
miles of the hospital after discharge in case of a medical emergency. Seven caregivers’ primary 
residences were more than 10 miles away, and thus they had to live in temporary housing after 
discharge. In these cases, most caregivers described staying at a multiple family home that was 
half a mile from the hospital where other hospital patients and their caregivers resided.  Of the 
seven caregivers who stayed at the multiple family home, all noted the convenience of being so 
close, inconveniences of not being home, and the social aspects of living in a community 
environment after transplant. Becca noted, “There's not somebody walking in every four hours. 
It's, it's been great. And a home away from home, you know.” 
Being away from home meant that caregivers had more challenges preparing meals for 
their patients. These patients often had trouble eating because of nausea, mucositis, and taste 
changes related to transplant.  Gretchen whose husband had “stomach issues” described cooking 
at her temporary home as “harder than being home”.  
I don't have all the stuff that I have at home. I don't have all the herbs and, and, and, and 
spices and things like that. I don't have the cooking utensils I’m used to. You know, 
experiment and do other things. So I have to do just, just the basic stuff here, and I have 
to think about it because there’s things that he can't eat. 
 
Regardless of where the patient was discharged to, all caregivers noted a sense of isolation. One 
caregiver in particular, Lily, moved from a northern state so that the patient could get treatment, 
and had limited local relationships. 
Sometimes we don’t see anybody else, because you are supposed to be homebound…but I 
guess it's the social part because at least I saw nurses and stuff when you know we had a 
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few people to interact with. Now I'm stuck with the lady in the drive-thru at McDonald's. 
(laughs) Wish I knew her name.  
 
Jessica described that after discharge it was “the first time, over the years that we just stay home 
and did nothing”.  
When caregivers were able to go back to their own homes, either after discharge or after 
the initial 100 days after transplant, all caregivers described being home as “a good thing”, and 
often felt “relief” because being home was “more comfortable” for them and the patient.   
He sits in his easy chair and he's all- he's a lot more comfortable and it's nice if you're 
hungry to be able to go into the kitchen and there's already food there and you don’t have 
to go anywhere to find it, it just feels like being home.  
 
Being home was perceived as being so good that several caregivers noted that being home was 
worth the inconveniences of driving. Becca who lived 3 hours away from the hospital, even said 
“being home outweighs that drive. I’ll do it 50 times, if I need to, because I really enjoy being 
home and I know my husband is enjoying being home.” Once past the first 100 days after 
transplant, caregivers often felt a sense of relief knowing they “made it”, they articulated this 
often during the last interview, that it was “wonderful to be almost to that normal level” and that 
“everything is going to balance back out”.  
Complications. In three cases, the index patient had complications related to transplant 
(e.g., infections, delirium) for which emergent rapid responses were called. All caregivers who 
experienced seeing the patient’s condition worsen described it as “scary”, “unnerving”, and 
“unexpected”. In two of the cases, the patient was moved to the intensive care unit where every 
day felt “uncertain” and there were times they didn’t “know if the patient would make it”. In one 
case the patient stayed in the ICU for a month, and her caregiver noted feeling “impatient” often 
questioning “why is the blood pressure continuing to be a problem? Why aren’t those kidney’s 
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coming back?”. In two cases, the index patients died as a result of complications related to 
transplant. 
Social Factors Throughout Transplant. All eleven caregivers described that they felt 
well supported by their social networks which included adult children, friends, in-laws, parents, 
other family, and church communities. In some cases, their social supports were also back-up 
caregivers. Leanne who was also caring for a child with cancer frequently described sharing 
caregiving responsibilities with her husband’s mom, “I can count on his mom to take care of [my 
child] and do that and then the next day I can be there for the scan and she can swap with me and 
come up here with him”. In a different interview she noted that “[his] parents stepped in as, [her] 
grandparents and gone ‘Okay, we have to take care of [her] so that she can take care of our son”.  
In one case, the identified primary caregiver, Emma, ended up being the secondary. Emma noted 
that “[she] was taking care of her mom so that [her] mom could take care of [the patient]”.  
Several caregivers shared caregiving responsibilities with several individuals. For 
example, Mark had eight caregivers who took turns going to appointments, cooking meals, and 
monitoring the patient. In contrast to having people to share caregiving responsibilities with, five 
caregivers were caring for other people in addition to the patient. Three were caring for older 
family members (parents and grandparents) and three had children at home. In these cases, 
caregivers noted that they had to “balance demands” and rely on others to care for their children 
while they were with the patient.  
All eleven caregivers noted that having a good relationship with the health care team 
reduced their worry and stress about the patient because they trusted the team. Harriet stated that 
they “felt confident in the staff and wasn’t afraid”. Other participants shared similar feelings and 
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stated that they “trust [the doctor]”, that “the nurses were very explanatory”, that the “doctor 
never rushed us”, and “always had a plan of attack” when complications came up.  
Day-To-Day Caregiving Demands 
Day-to-day caregiving demands were different during inpatient hospitalization and after 
discharge. Across both settings, caregivers met patient’s psychosocial needs. 
All eleven caregivers described providing psychosocial support for the patient while in the 
hospital by trying to “keep [the patient] motivated to be active, eat, and drink”, providing 
“comfort when [the patient] was in pain”, and helping “reorient [the patient]. Amelia whose 
husband became confused describes her efforts to comfort him.  
At one point I even got in bed with him ‘cause he would get upset in his dreams. And I 
just was trying to comfort him. At one point I thought, well maybe touching against him 
isn’t a good idea. He’s already suffering from excess input stimuli. So you know, I got up. 
Things weren’t really different. So I got back in bed with him. 
 
In another case, Eli, whose wife also experienced confusion after transplant describes providing 
psychosocial support to the patient.  
I try to help her just either remain calm or try or, or, or return to some degree of 
calmness if she's getting, uh, worried or bothered about it… [I] just let her know that 
whether you understand me or not, we’re here, we’re not here all the time, but we’re 
here… and we’re gonna do everything we can to get this straightened out. 
 
Once discharged from the hospital, caregivers still provided psychosocial support and 
monitoring, but also described managing the patient’s care, providing transportation, and trying 
to “protect the patient from germs”. All nine caregivers whose patients were discharged to 
outpatient care described themselves as continuing to be a “motivator” by being “[the patient’s] 
rock”, “[someone the patient] can lean on”, “helping [the patient] keep a positive attitude”, and 
being “a cheerleader”. In addition to providing psychosocial support after discharge, seven 
caregivers described physically caring for the patient by being vigilant, and frequently 
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monitoring signs of graft versus host disease by checking their skin, changing the patient’s 
intravenous device dressing, and preparing meals. After discharge, all nine caregivers described 
trying to “keep the germs away” by cleaning, encouraging the patient to shower, and keeping 
other people away.  
We always keep the distance you know, from all the people. You know we try to not be 
close to anyone. 
 
Across cases, in the last interview all nine caregivers described becoming more comfortable 
doing the physical tasks, one caregiver noted that “it just became part of the routine, he showers, 
I check his skin”. In addition to becoming more routine, several caregivers noted that the patient 
became more independent as time went on,” I was really like hands-on caregiver doing 
everything and now he’s become more independent”.  
 In addition to caregiving related demands all eleven caregivers described having to 
balance other life demands such as work, children, other family, and unexpected situations such 
as the COVID-19 pandemic. Jessica had to take care of her elderly parents, her husband who 
received a transplant, and had to return back to work after two weeks off. Three caregivers 
described having children or elderly family at home to worry about. And five caregivers 
described having to work or having to return to work. Eli listed off all the other things he had to 
do in addition to caring for his wife and going to work.  
I mean there's been times where, you know, you know you got, okay, you got three nights 
of work, there's laundry that needs to be done, grass needs to be cut, on Thursdays the 
trash cans need to get on the street, house needs to be vacuumed, you need to keep the 
laundry and the dishes. You know, it, it can get overwhelming if you, like, sit there and 
really think about, if you start making that mental list. And before you know it, you're on 
item 10 and you're not done yet. It gets a little bothersome, but you just have to get in 
there and do it. I mean you can burn a whole lot of calories and a whole lot of energy just 
thinking, ‘Man, I've got, I've got 10 things that need to happen in the next day or two’. 
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Having additional responsibilities in addition to being the primary caregiver for the patient 
seemed to exacerbate how fatigued the caregiver was, and how often they expressed feeling 
stressed.  
In addition to other responsibilities, three caregivers were caring for their patients when 
the COVID-19 pandemic started in early 2019. Because of COVID-19, the temporary multiple-
family home where two participants were staying closed, and they were both able to return home 
to their primary residences before the typical 100 days after transplant allowance. Although both 
“loved being home” they both noted that driving back for clinic visits posed a “stressful 
experience”.  
All three participants noted that the COVID-19 pandemic was stressful because they felt 
that “the patient was at risk for having complications if they caught COVID-19”, but did not 
change their day-to-day lives because they were already “staying home to protect [the patient]” 
and being “diligent about hand washing”. Becca even noted that it was easier to protect the 
patient because she didn’t “have to be mean and tell people, you can’t come, we can’t see you… 
they understand the coronavirus better…it applies to everyone”.  
Moreover, participants describe a sense of anxiety related to COVID-19, they were 
particularly worried about bringing the virus home to the patient. Jessica said “there’s always a  
chance of bring it home” and “I’m always afraid of bringing something home”. Amelia described 
being even more diligent with keeping things clean and that she “probably smelled like bleach”, 
“I’ve kind of overdone with trying to be overprotective of cleaning, keeping things clean, 
keeping him from catching things” 
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Psychological Processes 
Appraisal of Caregiving Related Demands and BMT Experience. Three types of 
appraisal were coded for initially based on the study’s theoretical foundations: benefit, neutral, 
and threat. A small subset of two caregivers described appraising some aspect of the experience 
as beneficial. For example, one of these caregivers described the BMT experience as a “second 
honeymoon”. She recounts that during BMT she was able to do “simple things that [they] would 
never do”. She further described her appraisal of the situation, “when we first got married, we 
were both working, and we were never there alone, so this time was really new and just us 
spending time, and we’re loving it”. 
Caregivers typically described BMT experiences as neutral and in between beneficial and 
threatening, some descriptors included that the experience was challenging, uncertain, and 
different. Four caregivers described BMT as a hurdle or barrier that had to be passed. For 
example, Amelia described her appraisal of the time her husband was in the ICU, “we’ve got 
over it. Now we’re done so we’re gonna go back to a little more of a comfort zone”. Another 
caregiver described “walls [he] could not climb over by [him]self”. Similarly, three caregivers 
described BMT as a challenge that “they could get through” and “as long as [they] were willing 
to continue they could make it through”. Similarly, Gretchen said that BMT was a “parenthesis 
in her life” that she would get through. Seven caregivers described feeling uncertain about BMT 
and caregiving related demands. Uncertainty lies between challenge and threat, and is often 
marked by a sense of a lack of control over the situation. Caregivers frequently described “not 
knowing if BMT was going to work”, “not knowing how long it would take to get back to 
normal” and “not knowing what was going to happen next”. Emma described not knowing if she 
was going to be able to “deal with it”. 
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One caregiver described BMT as threatening to the patient’s life. This caregiver also 
described BMT as a threatening experience in terms of potentially losing the patient. Eli said that 
“[he] wasn’t ready to lose [the patient]” and that “[he] wanted another 34 years, and another 40 
on top of that”. Although only one participant explicitly described BMT as threatening, 
uncertainty appraisals can often shift to threat appraisals in times of crisis such as during 
emergent patient situations.  
Coping. Caregivers described many different ways they each coped with the day-today 
caregiving demands. The most commonly described coping behaviors included taking things one 
day at a time, trying to stay positive, trying to stay objective, comparing their situation to others, 
and taking time to do something they enjoyed.  
Six caregivers described handling each day one day at a time, often times noting that 
there was more to worry about than what could be dealt with in one day. Mark noted that “It's 
tough, you know? Try not to think about tomorrow. Try and think about today,” and that 
“Tomorrow will get here soon enough and we'll worry about that tomorrow”. Another caregiver 
stated he was “just taking it day by day, not worrying about, ‘Oh, we gotta do this next week. Or 
she's got this procedure which down the road.’ Let's take care of today”. 
Nine caregivers described that they would “try to stay positive” especially in the presence of 
patients. One caregiver said they would “look for anything that’s positive, whether it is or not”. 
A different caregiver said she would “sit there and think about all the good stuff that's been going 
on”. Similarly, to staying positive, four caregivers described that they would also “try to stay 
objective” by “look[ing] at some of the fact”, and “sometimes hav[ing] to step back”. Eli 
described trying to stay objective when his wife was in the intensive care unit as “not los[ing] 
sight of what we’ve accomplished”.  
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Of the eleven caregivers, eight described times when they would compare their situations 
to other people’s situations such as friends of similar age and people they observed in the 
hospital. Caregivers often described thinking about other people who “have it worse than we 
have it” or thinking “that our position is tough, [but] there’s a bunch of them here whose 
positions are a lot tougher”. Mark who was caring for his wife compared his situation to his 
friend who had a progressive incurable neurodegenerative disease often thought that, “He didn't 
have any chance. He didn't have one chance, no chance, zero. And here we've got chances. So I, 
I'm not, I've never really felt real negative on this thing, never been real shook up.” Another 
caregiver described that he would “go down to the atrium in the cancer hospital” and where he 
saw a kid and think “He's bald. He's got a catheter. He's got an IV in a pole. He's there with his 
mom and he's smiling and talking. And I'm a hell of a lot better off than he is”. 
All eleven caregivers described taking time to do something they enjoyed as a way they 
would cope. Commonly mentioned coping behaviors included spending time in nature, spending 
time with friends, and reading. Lily who was able to take care of the patient at their own home 
described in three interviews that she would take time in her garden.  
I'll open up all of the blinds on the window and I've been working in the yard a little bit 
and for me digging in the dirt is kind of what I need to soothe myself. I'll go pull weeds or 
different things…I just try to concentrate on nature and it soothes my mind.  
 
Another caregiver described, “just enjoying the nature and going for a long walk with the dogs”. 
Spending time in nature was referred to as “relaxing” and “recharging”.   
Coping behaviors throughout the time after transplant often were dependent on how 
much time the caregiver had, and the patient’s condition. In many cases, if the caregiver was 
unable to have time away from the patient or if the patient was doing poorly, caregivers would 
put off taking time for themselves, and compared their situations to other people. In addition, 
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during times where the patient was not doing well such as when in the intensive care unit, the 
caregiver would receive support from others such as pastors or other family. For example, Eli 
described meeting with his pastor as “perfect timing” and that “there are times that you need, 
everybody needs somebody they can confide in”.   
Mirroring. Throughout each monthly interview, all eleven participants described what 
we termed as “mirroring the patient’s condition”. Caregivers often described their psychological 
responses in tandem with a description of how the patient was clinically or psychologically doing 
at the time. For example, one caregiver described looking at the patient’s lab values and thinking 
“they might just fall out, just might go, kafooey. It makes me worry”. Leanne described feeling a 
little frustrated because “[the patient] was not going to be home on Thanksgiving and Christmas” 
and because the patient was also upset. In addition to when the patient is feeling poorly, 
caregivers also mirrored improving lab values and patient feelings. Mark described when his 
wife’s blood counts showed signs increasing. 
It was one Sunday that her count came up the first time, her white blood count came up to 
0.8 and the ... And the hemoglobin and the platelets were what they were and we thought, 
"You know finally they're kicking in." You know, felt a big relief. 
 
Other caregivers noted that “seeing [the patient] progressing just makes [them] feel good”, and 
“when [the patient] gets stronger [they] get stronger”. Another caregiver stated that “just seeing 
[the patient] be more accepting…made [him] also accept things”.  
Emotion Regulation. All eleven caregivers described some form of regulating their 
emotions when around the patient. Five caregivers described “holding back negative emotions 
until alone”, two described “avoiding negative topics”, and three described keeping a more 
positive attitude when with the patient. Lily who was caring for her husband described what she 
did when she felt frustrated when she felt he wasn’t “doing simple things for himself” 
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I understand this is you know, doesn't harm anybody but there are some little things that 
sometimes I don't think he's, and when he doesn't do it, then I get a little frustrated and 
that's usually when I have to leave the room. Bang my head on the wall [in] another 
room. 
 
The same caregiver also said she would “sometimes just go in another room if [she] felt a sudden 
wave of sadness hit where he is.” And that “[she]could just go in another room and do something 
else, cry or whatever else [she] needed to do” 
Emotion Experiences. In addition to emotion regulation, caregivers described 
experiencing a wide range of negative and positive emotions while caring for the patient 
throughout the 12 weeks after transplant. Notably, some caregivers expressed a longing for 
feeling positive emotions like amusement or serenity. Gretchen recounts a “longing for a really, 
really good laugh”. She noted that she “hadn’t had that in a long time” and that her “emotions 
[were] kind of distanced”. Although some caregivers expressed a longing for feeling positive 
emotions, caregivers did report feeling positive throughout the time after transplant.  
Positive Emotions. The most commonly experienced positive emotions included 
gratitude, interest, and hope. All eleven caregivers described feeling grateful for “having the 
opportunity to be at the hospital”, for the “excellent healthcare team”, and to their “friends and 
family” for helping. 
  Five caregivers experienced interest in regards to learning about the transplant process 
and how transplant worked. For example, Victor describes a fleeting moment of interest in how 
transplant worked, “It tends to be sometimes a flash in the pan. I’ll be interested, I'll look at it 
and then I'll move on to something else. And then come back to it, move on to something else. I 
don't have a, like, I, this is really neat, I'm gonna have a disciplined exploration of the topic”. 
And Emma who cared for her dad described being “curious to learn”, and “find out why, and 
how the process is going to make him feel”. All eleven caregivers described feeling hopeful at 
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some point during the transplant process. Caregivers described feeling hope when the patient’s 
doctor gave treatment options, said the patient was doing as expected, and when blood count 
levels increased. Mark described that he was becoming less hopeful until he saw the doctor “in 
more of a fighting mood than she was the week before”. He said that “she hadn’t thrown the 
towel in yet”. 
Perceived Benefits of Experiencing Positive Emotions When Caregiving. Caregivers 
across all time points after transplant when asked “did this positive emotion lead to anything?” 
described that positive emotions did indeed help them gain perspective (broadening function) 
and increase coping resources (building function). Of the positive emotions experienced by 
caregivers during the 12 weeks after transplant, feeling hope and gratitude enabled them to get 
through the day, look past the current situation, and become more connected with those they 
expressed gratitude or pride to, Caregivers also described that they would seek out information 
when feeling interested.  
In alignment with our theoretical foundation, we identified the following descriptions as 
broadening functions of positive emotions. Four caregivers described times where positive 
emotions (e.g., hope and gratitude) helped them “see the bigger picture”, “think about the 
future”, and “see the good”.  For example, Mark described that feeling hope made him “look 
forward to giving her the best chance we [could]”. Similarly hope allowed Becca to think about 
their future, “we’re talking about things we need to accomplish, things in the future”.  Other 
caregivers noted that feeling gratitude helped them “look on the brighter side of things”. For 
example, Lily, in relation to hope and gratitude noted that these emotions enabled her “to be able 
to look ahead and think that things may never be what they were before, but more towards 
normal”.  
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In addition to broadening caregivers’ perspectives, five caregivers also described times 
when feeling positive emotions helped them build social resources (e.g., develop stronger 
relationships), gain new knowledge or skills related to caregiving, and increasing their ability to 
cope. Emma described that sharing jokes even when bad things were going on brought her father 
closer to her. And that feeling grateful made Emma think about how caregiving for her father 
had brought them closer together. In addition, feeling pride enabled Leanne to continue building 
family ties that she described as “tight knit”. In several cases feeling interest made caregivers 
seek out “creative ways to cook meals” and “learn more about transplant”. Victor described that 
when he was learning about what happens to the immune system after transplant, he thought that 
“the idea of the, the immune system rebooting itself to the extent that you need to go back to 
your childhood diseases and, you know, to use a computer term, initialize all those things. That's 
cool.” He later describes going to look up which vaccinations his wife would need again later. 
Similarly, Emma described that feeling interest further “spark[ed] her curiosity” and made her go 
look things up and ask questions. 
Negative Emotions. The most commonly described negative emotions included anxiety, 
guilt, and frustration. Although other negative emotions were described, we focused here on the 
negative emotions most commonly described and the situations that they occurred in relation to. 
Anxiety was typically described as a response to being away from the patient, not making it to 
clinic appointments on time, and worry about “what could happen”. Five caregivers described 
times where they were away from the patient and feeling anxious or worried that something bad 
had happened. For example, Jessica described hearing a rapid response come over the intercom 
and “thinking about what about if the rapid was [the patient] and I’m not there”. All eleven 
caregivers described feeling anxiety about “what the future holds” and “not knowing what’s 
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gonna happen”. Four caregivers described being anxious about driving to and parking at a busy 
hospital. Becca described that before the three-hour drive to the clinic, she would “wake up at 
like 1:30, 2:00, looking at the clock to make sure that [she] didn’t oversleep even though [she] 
had the alarm on. Other caregivers noted that finding parking was always a struggle because 
valet parking is not available to all patients and the main parking deck was often full when they 
arrived.  
When caregivers had other responsibilities like children at home or family to care for, 
they would describe feeling guilt for not being with whoever they were not with at the time.  
Three caregivers also described feeling guilty that they were free to do what they wanted 
while the patient couldn’t. Leanne who cared for her husband said: 
I feel really bad that y'all can't be home and I've gone home kind of felt a little bit guilty 
about going home and him not being able to go home because he's been here, I mean, 
he's never- since transplant he's been here for like three months so he hasn't been home 
and I have even when he was inpatient at the hospital. 
 
Emma also described feeling guilty leaving her kids to take care of her dad: 
I'm having to leave my kids and my husband to fend for themselves. And then when I can't 
be here with him to be there with them, then I'm thinking, you know, it's a two way, you 
know... I'm guilty when I'm here. And I feel guilty when I'm at home. So it's... It's just 
harder to, to divide between the two. Knowing you're doing something for one side of the 
family versus being here doing something for him. But you're giving something up on 
either side. Either end of it. 
 
Over time, Emma described feeling less guilty because she began recognizing the things she 
could do at home for the patient. She said, “Knowing I can take care of stuff at home, does make 
me feel less guilty about not being here”.  
All eleven caregivers described feeling frustrated at some point after transplant. The 
sources of frustration were often related to situations caregivers felt “they didn’t have any control 
over” such as hospital processes, the patient not getting better “as expected”, or environments not 
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being “cleaned as expected”. Gretchen described “dealing with pharmacy as a not so good 
thing”, with “a lot of things happening there, and then having to go back, and then they have to 
call, and so forth” only to have the medication discontinued. Two caregivers described feeling 
frustrated that the patient was not doing much better after the first 100 days as expected. Jessica 
said “I was getting very frustrated because basically he's over, like, a hundred days. And we 
don't, I mean, I don't see anything that he's getting any better”.  
Caregiver Health  
Caregivers were asked about how they perceived their health in comparison to people 
similar to their age and themselves before transplant. Several subthemes were found during the 
analysis: these included healthcare for the caregiver, sleep problems, and concentration 
problems. Although caregivers did not report having any psychological health diagnoses, ten of 
the eleven caregivers described having felt stress or worry so great that it impacted their energy 
levels, feeling depressed, or impacting their ability to concentrate. Older caregivers more often 
described their “aches and pains” as being related to “the natural aging process”.  
Healthcare for the Caregiver. Three caregivers stated they went to their own doctor for 
help with sleep problems or anxiety. One caregiver noted that she had already been on 
medication for depression, but that her doctor “added a little somethin’ extra”, similarly another 
caregiver anticipated that she was going to have trouble sleeping and was prescribed “Trazadone 
to take before going to sleep”. In contrast, two caregivers said they delayed going to their own 
doctor’s appointment. Of note, one caregiver relayed that she was supposed to see her doctor 
every four months, but had missed the last couple of appointment because she “wasn’t there” and 
was a few hours away from her doctor. Gretchen described back problems that she had meant to 
get checked out but couldn’t because of “all that was going on and going to the hospital at least 
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three times a week. [She] felt like [she] didn’t have the time for [herself to do that]”. Although 
only two caregivers directly mentioned delaying or missing their own health care appointments 
during the semi-structured interview, two other caregivers mentioned during other study visits 
that they had delayed going to their primary care appointments because they “couldn’t leave [the 
patient] alone”.  
Caregivers were asked how their sleep had been since the last interview and in general. 
Worrying about the patient and where the caregiver was sleeping seemed to impact the quality of 
their sleep throughout the time after transplant. Caregivers who slept in the hospital while the 
patient was treated inpatient reported that they didn’t sleep well, due to the “hard mattress” and 
frequent “disruptions”. Four caregivers described having trouble concentrating and remember 
everything that needed to be done. Of note, these caregivers were typically still working and/or 
had other family they were caring for.  
Aim 2: Describe the Trends in Caregiver Stress Response Across 8-12 Weeks Post-
Transplant 
  Perceived stress, stress response symptoms for anxiety, depression, sleep disturbance, 
fatigue, and total symptom score for each caregiver were plotted against the number of days after 
transplant (Figures 3.2-3.12). Patient related condition and environment changes such as ICU 
stays, date of discharge, and date of return to their own home are noted with vertical lines on 
each graph. Pooled mean score and standard deviation for each self-reported psychological 
process is reported in Table 3.3, averages by case for each self-reported psychological process 
measure is reported in Table 3.4.  
Perceived Stress Trends  
Caregiver’s self-reported perceived stress varied across time, the mean perceived stress 
score across time and cases was 11.6 which indicated an average low-moderate level of stress. 
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Caregivers who were followed for the full 12 weeks after transplant, typically had the highest 
perceived stress at the beginning of transplant (mean=12.55, SD 6.11), and at the end of study 
follow-up at week 12 (mean=12.5). Moreover, caregivers had the lowest perceived stress just in 
the week following discharge at week 6 (mean=10, SD 8.07). During their baseline interviews, 
caregivers described feeling stressed about “not knowing what to expect when [the patient] 
received the transplant” and having stressful experiences during the admission process.  
Total Symptom Score Trends 
Caregivers’ anxiety, depression, fatigue, and sleep disturbance symptoms varied across 
time. In caregivers who were followed for the full 12 weeks after transplant, three main symptom 
trend line types were identified: U-shaped, negatively sloped (downward over time), and V-
shaped pre-discharge. In U-shaped symptom trends (e.g., Harriet, Jessica and Emma), caregivers 
experienced their highest stress related symptoms at the beginning of transplant, and at the end of 
the study follow-up period (typically at week 12). These three caregivers had worsening 
symptoms after discharge which may be due to the caregiver returning home to other demands in 
addition to caring for the patient. For example, Harriet and Jessica had returned to work full 
time, and Emma had returned to caring for her children and the patient at home by the last week 
of follow-up. Of note, Jessica had a low symptom score on week 10 and 11, when she went on 
short vacation with her family.  
In negatively sloped trend lines, caregivers experienced their highest stress related 
symptoms at the beginning of transplant, and reported fewer stress-related symptoms over time 
(e.g., Lily and Becca). Lily and Becca frequently reported during interviews that they were 
“getting used to a new normal” and feeling more “confident in [their] ability to care for [the 
patient]”. Notably, Becca had low symptom scores after discharge, and rarely described feeling 
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stressed during interviews (Figure 3.10). Instead, Becca described the time with the patient after 
discharge as a “second honey moon” and was “really enjoying [her] time with [the patient]”.  
In V-shaped pre-discharge (e.g., Mark, Leanne, Gretchen, and Amelia), caregivers 
experienced their highest stress related symptoms at the beginning of transplant and just before 
discharge home. After discharge, their trend lines appeared relatively stable (e.g., Mark and 
Gretchen) or slightly decreasing over time (e.g., Leanne and Amelia). In general, caregivers 
whose patients died or went to the intensive care unit emergently had higher levels of symptoms 
prior to these events (e.g., Victor and Eli). Notably, Victor whose wife died suddenly had 
steadily increasing stress related symptoms up until the point the patient died (Figure 3.12). 
Symptom trends for all caregivers across the 12 weeks after transplant often reflected how the 
patient was clinically doing, for example improvements in the patient’s energy level were 
described as “lessening the work load” because the patient was able to be more independent.  
Anxiety Symptom Trends 
Caregivers reported at baseline that they felt anxious not knowing what would happen, 
worrying about being able to provide care, worrying about the transplant not working, and 
worrying about the patient dying. For example, Emma who cared for her dad said “I’m always 
stressing about, you know, is my dad going to be okay? Am I going to be able to provide the best 
care for him when I’m…When he’s in my care alone?”. Three caregivers described that the 
reality of it came before transplant when the doctors were “talking about the graft versus host 
and we had to sign the papers and everything at the end was and this could end with infection 
and this leads to death”. Caregivers reported having anxiety in the weeks prior to discharge and 
often mentioned feeling anxious that “nothing was moving up” when referring to the patient’s 
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blood counts. In some cases, caregivers reported that they were anxious to “get the patient home” 
and that they were also “worried about if something bad were to happen at home”.  
Depression Symptom Trends 
The nine caregivers whose patients were able to be discharged to outpatient care reported 
feeling more depression symptoms when waiting for the patient’s blood counts to recover. Often 
times caregivers reported feeling “impatient” and depressed that things weren’t kicking in. Lily 
described that she was “starting to get a little depressed” because she thought they were going to 
have to be in the hospital another 28 days (Figure 3.7).  
If there's no engraftment, plan B is like kind of doing more chemotherapy backing almost 
to the beginning doing some chemotherapy and then having our son have to give 
peripheral blood to come up with more T-cells to kind of boost it which might or might 
not work. 
 
Similarly, Mark, Eli, and Jessica reported depressive symptoms when they noticed the patient’s 
white blood cell count was not increasing as quickly as they expected. 
Sleep Disturbance and Fatigue Symptom Trends 
Sleeping in the hospital was frequently perceived as negatively impacting caregivers’ 
ability to sleep. Emma described sleeping in the hospital as “terrible… cause you’re in the 
hospital and when somebody’s comin’ in , you know to check vitals or do this and that…but it 
would get to where you’re so tired you didn’t care…you’d get used to people comin’ in and out” 
(Figure 8).  Sleep disturbance symptoms were typically lower after the patient and their caregiver 
were able to return to their own home environments. In addition, caregivers who reported worry 
or anxiety tended to describe having more sleep disturbance during interviews and in self-report 
measures related to not being able to fall asleep or not being able to go back to sleep once awake. 
For example, Gretchen described having sleep problems throughout the 12 weeks after 
transplant. She described that she was able to fall asleep, but would “wake up very early, and 
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then [she] couldn’t go back to sleep” because she would “wake up worrying about things”. Eli 
frequently described having “bad dreams start up” and that it was “driving [him] nuts” because 
he would lay there and “try to rest and just have all these bad thoughts going through [his] head 
of what might happen”.  
In the case of Eli, the caregiver’s symptoms during the patient’s ICU stay decreased over 
time as he described becoming more at peace with the fact that his wife was going to die. Over 
the course of her ICU stay, the caregiver noted that he felt good knowing he was supporting her 
the best way he knew how. At one point during the patient’s ICU stay, the caregiver noted that 
he had met with his pastor and that had really “changed his perspective” and made him feel a 
“whole lot better”.  
Exploration of Biological Stress Response Indicators 
Due to the COVID-19 pandemic and caregiver withdrawal from the study, five 
caregivers’ biological data were unable to be obtained (three due to the pandemic, two due to 
withdrawal). Because biological indicator data were missing almost half of the caregivers in our 
study, we chose to describe biological indicator averages instead of trends. Caregivers’ 
biological indicator averages for IL-6, IL-1B, IL-10, BDNF, and CRP are displayed in Table 5. 
IL-6 levels for all caregivers across all time points in our study were in normal range of less than 
5.0 pg/mL (Fayad et al., 2001; Todd et al., 2013). Average IL-6, a pro-inflammatory cytokine 
(Herbert & Cohen, 1993), was highest in Eli and Victor, and lowest in Harriet and Jessica. IL-IB 
levels for all participants were within normal limits of less than 1.5 pg/mL (Di Iorio et al., 2003) 
over all time points. However, Leanne and Gretchen had higher average IL-1B levels than other 
caregivers in our sample. In addition to having the highest IL-6 levels of the sample, Eli and 
Victor also had the lowest average BDNF level. Normal ranges of BDNF are 15 to 80 ng/mL 
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(Naegelin et al., 2018), lower BDNF levels have been associated with worsened anxiety and 
depression symptoms (Correa et al., 2015; Naegelin et al., 2018). Caregivers with higher pro-
inflammatory cytokines and lower BDNF levels also had stress symptoms above the sample 
average total stress related symptom score of 4.52 (SD 2.44). Five of the eleven caregivers in this 
study had CRP levels greater than 3.0 mg/L which is an indicator of high risk for future 
cardiovascular disease onset (Emerging Risk Factors et al., 2010). In addition, three participants 
had CRP levels greater than 10.0mg/L which can indicate an acute infection. Of note, CRP was 
highest in Becca, who reported having a viral infection before starting the study.  
Discussion 
In this multi-method case-oriented study of eleven caregivers, we described the 
experiences and psychological responses of primary caregivers of patients receiving an 
allogeneic bone marrow transplant over 12 weeks after transplant. We found that caregiving 
experiences are unique for each and every caregiver in terms of what they face day-to-day, how 
they perceive the transplant situation, how they cope with these day-to-day demands, what 
emotions they feel, and what emotions they express. Although their experiences were unique, we 
identified several commonalities across cases for both aim 1 and aim 2.  
Although our study was of a small sample of caregivers, we found that their in-depth 
descriptions of their experiences were rich and provided many insights into issues faced by 
caregivers and their underlying psychological processes when managing caregiving demands. 
The results of this study may be useful in identifying which positive emotions are experienced 
when caregiving, factors that might increase stress and stress related symptom experiences in 
caregivers, and specific time points that caregivers experience more stress related symptoms.  
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To our knowledge, this is the first study to longitudinally examine caregivers’ psychological 
stress response using multiple data types together (self-report survey data, subjective experience, 
and biological indicators) in the 12 weeks after a bone marrow transplant. Our findings from aim 
1 were consistent with qualitative research conducted with caregivers of patients with advanced 
cancer and caregivers of patients receiving a bone marrow transplant (Gibbons et al., 2019). 
Moreover, our aim 1 findings are consistent with the greater literature on both the positives and 
negatives of caregiving beyond cancer, such as dementia (Farran, 1999; Folkman, 1997; 
Folkman & Moskowitz, 2000; Tarlow et al., 2004).  
Key Findings 
From our qualitative aim 1, we found that before transplant some caregivers had been 
heavily relied upon before transplant for both psychosocial support and medical care (e.g., 
changing dressings and medication management) whereas others felt they didn’t start caregiving 
until after transplant. Moreover, the bone marrow transplant was typically perceived as being an 
opportunity for a cure and source of hope, but also a hurdle to get over or “parenthesis” in their 
lives. In addition to variations in caregiving context, caregivers’ psychological response to day-
to-day caregiving demands varied, from our qualitative analysis we found that caregiver 
emotions often “mirrored” patient symptoms such that when the patient was doing well the 
caregiver felt good or positive and when the patient was feeling poorly the caregiver felt negative 
emotions. In terms of coping, caregivers used a variety of coping strategies, most notably they all 
describe “trying to stay positive” even in emergent situations, and some described caring for 
themselves.  
From aim 2, we found three primary trends in caregiver symptoms, U-shaped, negatively 
sloped, and V-shaped pre-discharge. Notably, despite having low-moderate PN symptom scores, 
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caregivers still described having problems with depression, anxiety, sleep, and fatigue during 
interviews. The disconnect between survey scores and qualitative descriptions of experiences 
may indicate that caregivers still struggle with PN symptoms, but below the “clinical” threshold 
used for patients.  
Uniquely at Risk 
 Our findings provide further support for the existing evidence that caregivers of bone 
marrow transplant patients experience stress in relation to caregiving related demands 
(Applebaum et al., 2016). Not only do they experience stress, but in some cases, stress increases 
after transplant. In addition to perceived stress, some caregivers also experience increasing levels 
of stress-related symptoms (anxiety, depression, sleep disturbance, and fatigue) after discharge. 
In three cases, the primary caregiver returned to full-time work (n=2) or resumed care of young 
children (n=1), these cases were unique in that their symptom trends showed increasing stress-
related symptoms after discharge. Their qualitative data indicated that returning to normal life 
also meant returning to non-caregiving related demands that they had to then balance in addition 
to their caregiving responsibilities. These three caregivers were also younger than other 
caregivers in this study, their ages ranged from 30 to 40s. This finding aligned with evidence that 
emerging adult caregivers are uniquely at risk for caregiving related stress (Kent, 2020).  
Moreover, our biological findings were consistent with biological findings that caregivers 
of transplant patients may be uniquely at risk for cardiovascular disease due to the acuity of 
stress after cancer diagnosis and longevity of caregiving after transplant (Bevans et al., 2016; 
Ross et al., 2017). Despite initial evidence from this and other studies (Bevans et al., 2016; Ross 
et al., 2017), we found that collecting biological data from these already busy caregivers to be 
challenging.  
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Positives in Caregiving 
Our findings also provide further evidence that despite the negatives of caring for 
someone with a life-threatening illness, caregivers still experience positive emotions and positive 
outcomes related to caregiving. In alignment with research reported in two reviews of the 
literature (Li & Loke, 2013, 2014), caregivers in our study reported positive aspects of 
caregiving such as feeling stronger and more confident in their ability to provide care, that they 
had grown closer to the patient, and that they had grown personally. Moreover, individuals in our 
study reported experiencing more positive emotions than negative emotions the vast majority of 
the time. Further, individuals who experienced positive emotions also subjectively reported 
downstream building of resources (e.g., developing relationships and reserves to cope with 
stress), and broadening of mindsets (e.g., ability to look towards the future and ability to see the 
bigger picture) (Fredrickson, 2013). Similar to our findings, Gibbons and colleagues found in 
their mixed-methods study on cancer caregivers, that caregivers were able to build resilience and 
adapt to their changing roles (2019).  
In contrast, results from our qualitative aim 1 also aligned with work on “toxic positivity” 
and negative emotion suppression in the presence of others (Gross & Levenson, 1997; 
Winterheld, 2017). Nine of eleven caregivers described that they would try to stay positive, and 
act positive even when they felt negative (e.g., sad or frustrated) especially in the presence of the 
patient. These descriptions may be the beginning signs of “toxic positivity”. Toxic positivity is 
the mindset that one should stay positive and act positive no matter how negative a situation is. 
Caregivers may be at risk for “toxic positivity” when attempting to protect the patient and 
caregivers in our study described wanting to prevent burdening the patient by hiding their 
negative emotions. Moreover, suppressing negative emotions could lead to an exacerbating 
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effect on experiencing more negative emotions and depression symptoms. We emphasize that 
merely staying positive is not equivalent to experiencing positive emotions in daily life and that 
suppressing negative emotions can be harmful to the caregiver.   
Limitations 
Due to the focus of our study on the experiences of primary caregivers of patients 
receiving an allogeneic bone marrow transplant, we were unable to follow participants after the 
index patient had died. Bereavement experiences may be another opportunity for intervention 
with regards to aiding participants through the grieving process. We however note that in general 
participants had increasing stress symptoms and more negative emotions at time points closer to 
the patient’s death. It is also appropriate to assume that caregivers in bereavement experience a 
slew of negative emotions related to bereavement. We were unable to determine whether 
participants continued to experience positive emotions after bereavement, and what their stress 
and symptom trends were after the patient died.  
 In addition to loss of participant follow-up related to patient deaths, three participants 
biological data was unable to be obtained due to the COVID-19 pandemic temporarily halting all 
in-person data collection. We note that because we were unable to obtain sufficient biological 
data, stress-related biological response trends were purely exploratory and incomplete. 
Moreover, we note that the beginning of the COVID-19 pandemic may have brought about 
additional non-caregiving related worry and caregiving related worry due to risk for 
complications for the patient.  
Implications and Future Research 
 Caregivers are necessary team members in cancer care. Despite being heavily utilized in 
the care of allogeneic transplant patients, their well-being is poorly followed throughout the 
patient’s treatment. Most often, even at well-funded cancer treatment facilities, caregivers are 
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only initially screened for distress at baseline to ensure that the patient has someone available to 
provide “sufficient support”. In addition, even when support services are available to caregivers, 
they are often not utilized (Applebaum et al., 2014). Our findings highlight that some caregivers 
may be more at risk for stress and stress related symptoms (e.g., working full time or having 
multiple caregiving roles), that warrant further intervention by clinicians. Moreover, our findings 
also highlight that some caregivers appear to do better than others, but even when caregivers do 
well initially, circumstances like emergent patient clinical status changes (e.g., sepsis) may 
change caregiver needs for support. We recommend that clinicians holistically assess caregivers 
in addition to the patient beyond initial assessment before transplant and in addition to 
recommended distress screening (Gemmill et al., 2011; Shaffer et al., 2019).  
In addition to clinical implications, we note that in research, few studies have 
longitudinally described caregiving experiences not only after allogeneic bone marrow transplant 
but also in other long-term caregiving situations such as recurrent cancers and dementia.  As 
such, further exploration is needed to better describe the experiences of different types of 
caregivers who continue to care for increasingly complicated patients. As patient care continues 
to shift towards outpatient and caregiver reliant care, our understanding of these highly utilized 
caregivers will be even more pertinent. Further research is also warranted on emerging adult 
caregivers, sex and gender minority caregivers, and non-spousal caregivers who typically have 
additional life demands, and societal pressures.  This study included three emerging adult 
caregivers, one non-spousal caregiver, and two caregivers from a racial or ethnic minority.  
As parts of our first and second aims, we sought to identify intervention targets in relation 
to modifiable factors and time points during the peri transplant period that might warrant 
intervention. Based on our findings that caregiver stress-related symptoms appeared to be higher 
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at the beginning of transplant and when waiting for the patient’s blood counts to recover, 
caregivers may require additional support to manage their stress during these times. In the case 
of caregivers of this unique population, intervention may be needed before transplant begins 
because many of these caregivers have been caring for the patient long before transplant is even 
considered. In addition, stress management interventions continue to be utilized and tested, but 
other types of interventions have yet to be tested. For example, interventions focused on 
experiencing more positive emotions (e.g., gratitude, amusement, pride, and serenity), self-
monitoring for “toxic positivity”, and accepting negative emotions are promising but not well 
studied. These intervention targets are supported by the Broaden-and-Build Theory of Positive 
Emotions (Fredrickson, 2004, 2013) and positive psychology intervention research (Galante et 
al., 2014; Sin & Lyubomirsky, 2009). The Broaden-and-Build Theory of Positive Emotions 
predicts that when individuals experience more positive emotions, they benefit from having 
broadened mindsets (e.g., the ability to see past the current situation and see meaning in their 
lives) and built coping resources (e.g., improved social support and resilience) (Fredrickson, 
2004, 2013).  
In sum, findings from our study provide an in-depth description of the experiences of 
eleven caregivers of patients receiving an allogeneic bone marrow transplant and self-reported 
symptom and emotion trends after transplant. This study is one of many first steps to better 
understanding caregivers who may be at higher risk for caregiving related stress and factors that 
might protect caregivers from stress related symptoms.  
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Table 3.1: Sample Descriptive Statistics 
Variable  n (Percentage)/ 
Mean (SD, range) 
Index Patient Characteristics 
     Age  61.3 (11.1, 35 - 75) 
     Sex (%male) 8 (72.7%) 
     Patient Race (%non-white) 1 (9.1%) 
     Ethnicity (%Hispanic) 0.0% 










     Type of Transplant 
Matched Related Donor 
Matched Unrelated Donor 






     Age  57.8 (SD 13.3, 30 - 76) 
     Sex (%male)  3 (27.3%) 
     Race (%non-white) 2 (18.2%) 
     Ethnicity (%Hispanic) 1 (9.1%) 




































Day to day caregiving 






Table 3.2: Individual Case Descriptions 
Case Alias Description: (Age, sex, race, ethnicity, relationship to patient, patient 
diagnosis) 
Mark White non-Hispanic male in his 70s caring for his spouse with high grade 
myelodysplastic syndrome. Employed full-time, took one month off work 
post-transplant. Shared caregiving responsibilities with family and friends. 
Patient had a previous allogeneic BMT. 
Leanne White non-Hispanic female in her 30s caring for her spouse with acute 
myeloid leukemia. Employed full-time, took one month off post-transplant. 
Shared caregiving responsibilities with two other family members. Caring for 
a child [age 3] who was also being treated for cancer. 
Harriet White non-Hispanic female in her 60s caring for her spouse with acute 
myeloid leukemia. Retired, sole caregiver. Patient died at home. 
Gretchen White non-Hispanic female in her 70s caring for her spouse with high grade 
myelodysplastic syndrome. Retired, sole caregiver. 
Amelia White non-Hispanic female in her 60s caring for her spouse with acute 
myeloid leukemia. Retired, sole caregiver. Patient’s hospitalization 
complicated by infections and intensive care unit stay. 
Lily White non-Hispanic female in her 60s caring for her spouse with high grade 
myelodysplastic syndrome. Retired, sole caregiver. 
Jessica Multi-racial Hispanic female in her 40s caring for her spouse with 
myelofibrosis. Employed full-time, took one month off work post-transplant, 
shared caregiving responsibilities with one other family member, caring for 
two parents at home. 
Emma White non-Hispanic female in her 40s caring for her father with acute 
myeloid leukemia. Keeps house, shared caregiving responsibilities with 
patient’s spouse, has three children [ages 5-16] at home. 
Becca Black non-Hispanic female in her 50s caring for her spouse with high grade 
myelodysplastic syndrome. Retired, sole caregiver, patient had an autologous 
BMT a few years prior. 
Eli White non-Hispanic male in his 50s caring for his spouse with acute 
lymphocytic leukemia. Employed full-time, sole caregiver, caring for parent 
at home, patient’s hospitalization complicated by infections and intensive care 
unit stay where the patient died. 
Victor White non-Hispanic male in his 60s caring for his spouse with acute 
lymphocytic leukemia. Employed full-time, sole caregiver, patient died 






































































Table 3.3: Descriptive Statistics of Pooled Self-reported Psychological Processes 
Variable Scale 
Ranges 
Mean (SD, Range) Reliability 
Cronbach's alpha 
Psychological States 
     Positive Emotions 0 – 40  27.8 (SD 8.2, 13.0 – 40.0) 0.96 
     Negative Emotions 0 – 40  5.8 (SD 3.63, 0.0 – 16.0) 0.76 
     Positive Aspect of     
     Caregiving 
0 – 4  3.0 (SD 0.82, 1.3 – 4.0) 0.94 
Appraisal/Perceived Stress 




0 – 4  
0 – 4  
 
1.2 (SD 0.7, 0.0 – 2.2) 




     Perceived Stress 0 – 40  11.6 (SD 6.2, 0.0 – 23.0) 0.86 
PN Symptoms 
     Anxiety 0 – 4  0.9 (SD 0.7, 0.0 – 2.8) 0.87 
     Depression 0 – 4  0.5 (SD 0.6, 0.0 – 2.0) 0.86 
     Fatigue 0 – 4  1.4 (SD 0.7, 0.3 – 3.3) 0.90 
     Sleep Disturbance 0 – 4  1.7 (SD 0.8, 0.3 – 3.8) 0.84 
     Total Symptom Burden 0 – 16  4.5 (SD 2.4, 0.5 – 10.5) -- 
Note. Higher score indicates greater degree of emotion/symptom/stress experienced.  
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Psychological process averages across 12 
weeks 






















0 - 4 0 - 4 0 - 16 
Mark 13.6 1.1 2.0 21.6 6.4 2.6 1.5 0.6 1.3 1.9 5.3 
Leanne 5.5 0.4 4.0 38.4 2.9 4.0 0.3 0.1 1.2 1.9 3.4 
Harriet 3.3 0.8 3.7 38.1 3.3 4.0 0.3 0.1 0.7 0.5 1.6 
Gretchen 16.0 1.6 1.8 19.0 8.8 2.2 1.3 1.14 2.1 2.5 7.0 
Amelia 4.5 0.9 2.6 25.5 4.2 2.9 0.4 0.2 1.1 1.4 3.1 
Lily 18.6 2.0 2.0 18.0 9.7 2.1 1.6 1.5 2.4 3.1 8.6 
Jessica 16.1 2.0 2.0 23.8 8.4 2.2 1.2 0.9 1.0 1.6 4.7 
Emma 13.3 0.7 3.5 35.2 6.6 3.9 1.0 0.3 1.4 1.8 4.6 
Becca 11.4 0.3 3.6 34.5 1.1 3.8 0.1 0.1 0.6 0.6 1.4 
Eli + 11.6 1.8 2.6 24.9 6.6 2.5 1.2 0.1 1.2 1.9 4.5 
Victor + 17.5 2.2 3.2 20.0 8.8 2.5 1.6 0.9 2.6 1.9 7.1 
+ Index Patient died, caregiver withdrawn from study. 
 
PSS – Perceived Stress Scale 
ACS – Apraisal of Caregiving Scale 
PE – Positive Emotions subscale of modified Differential Emotions Scale 
NE – Negative Emotions subscale of modified Differential Emotions Scale 
PAC – Positive Aspects of Caregiving Scale 
Anx – Anxiety domain of Patient-Reported Outcomes Measurement Information System (PROMIS) -
29 profile 
Dep – Depression domain of PROMIS-29 profile 
Ftg – Fatigue domain of PROMIS-29 profile 
Sleep Dis- Sleep disturbance domain of PROMIS-29 profile 




Applebaum, A. J., Bevans, M., Son, T., Evans, K., Hernandez, M., Giralt, S., & DuHamel, K. 
(2016). A scoping review of caregiver burden during allogeneic HSCT: lessons learned 
and future directions. Bone Marrow Transplant, 51(11), 1416-1422. 
https://doi.org/10.1038/bmt.2016.164  
Applebaum, A. J., Farran, C. J., Marziliano, A. M., Pasternak, A. R., & Breitbart, W. (2014). 
Preliminary study of themes of meaning and psychosocial service use among informal 
cancer caregivers. Palliat Support Care, 12(2), 139-148. 
https://doi.org/10.1017/S1478951513000084  
Atilla, E., Atilla, P. A., Toprak, S. K., & Demirer, T. (2017). A review of late complications of 
allogeneic hematopoietic stem cell transplantations. Clin Transplant. 
https://doi.org/10.1111/ctr.13062  
Autio, T., & Rissanen, S. (2017). Positive emotions in caring for a spouse: a literature review. 
Scand J Caring Sci. https://doi.org/10.1111/scs.12452  
Ayres, L., Kavanaugh, K., & Knafl, K. A. (2003). Within-case and across-case approaches to 
qualitative data analysis. Qual Health Res, 13(6), 871-883. 
https://doi.org/10.1007/s11136-012-0122-x.  
Bergeron, A. (2017). Late-Onset Noninfectious Pulmonary Complications After Allogeneic 
Hematopoietic Stem Cell Transplantation. Clin Chest Med, 38(2), 249-262. 
https://doi.org/10.1016/j.ccm.2016.12.013  
Bevans, M., & Sternberg, E. M. (2012). Caregiving burden, stress, and health effects among 
family caregivers of adult cancer patients. Jama, 307(4), 398-403. 
https://doi.org/10.1001/jama.2012.29  
Bevans, M. F., Ross, A., Wehrlen, L., Klagholz, S. D., Yang, L., Childs, R., Flynn, S. L., 
Remaley, A. T., Krumlauf, M., Reger, R. N., Wallen, G. R., Shamburek, R., & Pacak, K. 
(2016). Documenting stress in caregivers of transplantation patients: initial evidence of 
HPA dysregulation. Stress, 19(2), 175-184. 
https://doi.org/10.3109/10253890.2016.1146670  
Bjorner, J. B., Rose, M., Gandek, B., Stone, A. A., Junghaenel, D. U., & Ware, J. E., Jr. (2014). 
Method of administration of PROMIS scales did not significantly impact score level, 
reliability, or validity. J Clin Epidemiol, 67(1), 108-113. 
https://doi.org/10.1016/j.jclinepi.2013.07.016  
Braun, V., & Clarke, V. (2014). What can "thematic analysis" offer health and wellbeing 
researchers? Int J Qual Stud Health Well-being, 9, 26152. 
https://doi.org/10.3402/qhw.v9.26152  
 120 
Correa, M. S., Vedovelli, K., Giacobbo, B. L., de Souza, C. E., Ferrari, P., de Lima, A., II, Walz, 
J. C., Kapczinski, F., & Bromberg, E. (2015). Psychophysiological correlates of 
cognitive deficits in family caregivers of patients with Alzheimer Disease. 
Neuroscience, 286, 371-382. https://doi.org/10.1016/j.neuroscience.2014.11.052  
Di Iorio, A., Ferrucci, L., Sparvieri, E., Cherubini, A., Volpato, S., Corsi, A., Bonafe, M., 
Franceschi, C., Abate, G., & Paganelli, R. (2003). Serum IL-1beta levels in health and 
disease: a population-based study. 'The InCHIANTI study'. Cytokine, 22(6), 198-205. 
https://doi.org/10.1016/s1043-4666(03)00152-2  
Docherty, S. L., Vorderstrasse, A., Brandon, D., & Johnson, C. (2016). Visualization of 
Multidimensional Data in Nursing Science. West J Nurs Res. 
https://doi.org/10.1177/0193945916672448  
Elo, S., & Kyngas, H. (2008). The qualitative content analysis process. J Adv Nurs, 62(1), 107-
115. https://doi.org/10.1111/j.1365-2648.2007.04569.x  
Emerging Risk Factors, C., Kaptoge, S., Di Angelantonio, E., Lowe, G., Pepys, M. B., 
Thompson, S. G., Collins, R., & Danesh, J. (2010). C-reactive protein concentration and 
risk of coronary heart disease, stroke, and mortality: an individual participant meta-
analysis. Lancet, 375(9709), 132-140. https://doi.org/10.1016/S0140-6736(09)61717-7  
Farran, C. J., Miller, B.H., Kaufman, J.E., Donner, E. and Fogg, L. . (1999). Finding meaning 
through caregiving: Development of an instrument for family caregivers of persons with 
Alzheimer's disease. J. Clin. Psychol.,, 55, 1107-1125. 
https://doi.org/doi:10.1002/(SICI)1097-4679(199909)55:9<1107::AID-
JCLP8>3.0.CO;2-V  
Fayad, L., Keating, M. J., Reuben, J. M., O'Brien, S., Lee, B. N., Lerner, S., & Kurzrock, R. 
(2001). Interleukin-6 and interleukin-10 levels in chronic lymphocytic leukemia: 
correlation with phenotypic characteristics and outcome. Blood, 97(1), 256-263. 
https://doi.org/10.1182/blood.v97.1.256  
Flynn, K. E., Dew, M. A., Lin, L., Fawzy, M., Graham, F. L., Hahn, E. A., Hays, R. D., Kormos, 
R. L., Liu, H., McNulty, M., & Weinfurt, K. P. (2015). Reliability and construct validity 
of PROMIS(R) measures for patients with heart failure who undergo heart transplant. 
Qual Life Res, 24(11), 2591-2599. https://doi.org/10.1007/s11136-015-1010-y  
Folkman, S. (1997). Positive psychological states and coping with severe stress. Soc Sci Med, 
45(8), 1207-1221. https://doi.org/10.1016/s0277-9536(97)00040-3  
Folkman, S., & Moskowitz, J. T. (2000). Positive affect and the other side of coping. Am 
Psychol, 55(6), 647-654.  
Foster, L. W., McLellan, L. J., Rybicki, L. A., Dabney, J., Welsh, E., & Wolwell, B. J. (2005). 
Allogeneic BMT and patient eligibility based on psychosocial criteria: A survey of BMT 
professionals. Bone Marrow Transplant, 37, 223-228.  
 121 
Fredrickson, B. L. (2004). The broaden-and-build theory of positive emotions. Philos Trans R 
Soc Lond B Biol Sci, 359(1449), 1367-1378. https://doi.org/10.1098/rstb.2004.1512  
Fredrickson, B. L. (2013). Positive emotions broaden and build. In Advances on Experimental 
Social Psychology (Vol. 47, pp. 1-53). Burlington: Academic Press.  
Galante, J., Galante, I., Bekkers, M. J., & Gallacher, J. (2014). Effect of kindness-based 
meditation on health and well-being: a systematic review and meta-analysis. J Consult 
Clin Psychol, 82(6), 1101-1114. https://doi.org/10.1037/a0037249  
Gemmill, R., Cooke, L., Williams, A. C., & Grant, M. (2011). Informal caregivers of 
hematopoietic cell transplant patients: a review and recommendations for interventions 
and research. Cancer Nurs, 34(6), E13-21. 
https://doi.org/10.1097/NCC.0b013e31820a592d  
Gibbons, S. W., Ross, A., Wehrlen, L., Klagholz, S., & Bevans, M. (2019). Enhancing the cancer 
caregiving experience: Building resilience through role adjustment and mutuality. Eur J 
Oncol Nurs, 43, 101663. https://doi.org/10.1016/j.ejon.2019.09.004  
Gross, J. J., & Levenson, R. W. (1997). Hiding feelings: the acute effects of inhibiting negative 
and positive emotion. J Abnorm Psychol, 106(1), 95-103. https://doi.org/10.1037//0021-
843x.106.1.95  
Herbert, T. B., & Cohen, S. (1993). Stress and immunity in humans: a meta-analytic review. 
Psychosom Med, 55(4), 364-379. https://www.ncbi.nlm.nih.gov/pubmed/8416086  
Hsieh, H. F., & Shannon, S. E. (2005). Three approaches to qualitative content analysis. Qual 
Health Res, 15(9), 1277-1288. https://doi.org/10.1177/1049732305276687  
Kent, E. E. (2020). Time to Recognize and Support Emerging Adult Caregivers in Public Health. 
Am J Public Health, 110(12), 1720-1721. https://doi.org/10.2105/AJPH.2020.305951  
Kim, Y., & Carver, C. S. (2012). Recognizing the value and needs of the caregiver in oncology. 
Curr Opin Support Palliat Care, 6(2), 280-288. 
https://doi.org/10.1097/SPC.0b013e3283526999  
Kupst, M. J., Butt, Z., Stoney, C. M., Griffith, J. W., Salsman, J. M., Folkman, S., & Cella, D. 
(2015). Assessment of stress and self-efficacy for the NIH Toolbox for Neurological and 
Behavioral Function. Anxiety Stress Coping, 28(5), 531-544. 
https://doi.org/10.1080/10615806.2014.994204  
Lambert, S. D., Yoon, H., Ellis, K. R., & Northouse, L. (2015). Measuring appraisal during 
advanced cancer: psychometric testing of the appraisal of caregiving scale. Patient Educ 
Couns, 98(5), 633-639. https://doi.org/10.1016/j.pec.2015.01.009  
  
 122 
Lengacher, C. A., Kip, K. E., Barta, M., Post-White, J., Jacobsen, P. B., Groer, M., Lehman, B., 
Moscoso, M. S., Kadel, R., Le, N., Loftus, L., Stevens, C. A., Malafa, M. P., & Shelton, 
M. M. (2012). A pilot study evaluating the effect of mindfulness-based stress reduction 
on psychological status, physical status, salivary cortisol, and interleukin-6 among 
advanced-stage cancer patients and their caregivers. Journal of holistic nursing : official 
journal of the American Holistic Nurses' Association, 30(3), 170-185. 
https://doi.org/10.1177/0898010111435949  
Li, Q., & Loke, A. Y. (2013). The positive aspects of caregiving for cancer patients: a critical 
review of the literature and directions for future research. Psychooncology, 22(11), 
2399-2407. https://doi.org/10.1002/pon.3311  
Li, Q., & Loke, A. Y. (2014). A literature review on the mutual impact of the spousal caregiver-
cancer patients dyads: 'communication', 'reciprocal influence', and 'caregiver-patient 
congruence'. Eur J Oncol Nurs, 18(1), 58-65. https://doi.org/10.1016/j.ejon.2013.09.003  
Maffini, E., Festuccia, M., Brunello, L., Boccadoro, M., Giaccone, L., & Bruno, B. (2017). 
Neurologic Complications after Allogeneic Hematopoietic Stem Cell Transplantation. 
Biol Blood Marrow Transplant, 23(3), 388-397. 
https://doi.org/10.1016/j.bbmt.2016.12.632  
McCain, N. L., Gray, D. P., Walter, J. M., & Robins, J. (2005). Implementing a comprehensive 
approach to the study of health dynamics using the psychoneuroimmunology paradigm. 
ANS Adv Nurs Sci, 28(4), 320-332. https://www.ncbi.nlm.nih.gov/pubmed/16292018  
McCain, N. L., & Smith, J. C. (1994). Stress and coping in the context of 
psychoneuroimmunology: a holistic framework for nursing practice and research. Arch 
Psychiatr Nurs, 8(4), 221-227. https://www.ncbi.nlm.nih.gov/pubmed/7979554  
Merriwether, E. N., Rakel, B. A., Zimmerman, M. B., Dailey, D. L., Vance, C. G. T., 
Darghosian, L., Golchha, M., Geasland, K. M., Chimenti, R., Crofford, L. J., & Sluka, 
K. A. (2017). Reliability and Construct Validity of the Patient-Reported Outcomes 
Measurement Information System (PROMIS) Instruments in Women with 
Fibromyalgia. Pain Med, 18(8), 1485-1495. https://doi.org/10.1093/pm/pnw187  
Naegelin, Y., Dingsdale, H., Sauberli, K., Schadelin, S., Kappos, L., & Barde, Y. A. (2018). 
Measuring and Validating the Levels of Brain-Derived Neurotrophic Factor in Human 
Serum. eNeuro, 5(2). https://doi.org/10.1523/ENEURO.0419-17.2018  
National Library of Medicine. (2016). Form: BRICS NINR Demographics. 
https://cde.nlm.nih.gov/formView?tinyId=XJo315r5M#general-details 
Oberst, M. T., Thomas, S. E., Gass, K. A., & Ward, S. E. (1989). Caregiving demands and 
appraisal of stress among family caregivers. Cancer Nurs, 12(4), 209-215. 
https://www.ncbi.nlm.nih.gov/pubmed/2766264  
 123 
Park, J., Ross, A., Klagholz, S. D., & Bevans, M. F. (2018). The Role of Biomarkers in Research 
on Caregivers for Cancer Patients: A Scoping Review. Biol Res Nurs, 20(3), 300-311. 
https://doi.org/10.1177/1099800417740970  
Patton, M. Q. (2002). Qualitative research and evaluation methods (3 ed.). Sage Publications.  
Ross, A., Shamburek, R., Wehrlen, L., Klagholz, S. D., Yang, L., Stoops, E., Flynn, S. L., 
Remaley, A. T., Pacak, K., Shelburne, N., & Bevans, M. F. (2017). Cardiometabolic risk 
factors and health behaviors in family caregivers. PLoS One, 12(5), e0176408. 
https://doi.org/10.1371/journal.pone.0176408  
Schulz, R., & Beach, S. R. (1999). Caregiving as a risk factor for mortality: the Caregiver Health 
Effects Study. JAMA, 282(23), 2215-2219. 
https://www.ncbi.nlm.nih.gov/pubmed/10605972  
Shaffer, K. M., Benvengo, S., Zaleta, A. K., Levine, M., Bellantoni, C., Dannaoui, A., Buzaglo, 
J. S., & Applebaum, A. J. (2019). Feasibility and Acceptability of Distress Screening for 
Family Caregivers at a Cancer Surgery Center. Oncol Nurs Forum, 46(2), 159-169. 
https://doi.org/10.1188/19.ONF.159-169  
Simoneau, T. L., Mikulich-Gilbertson, S. K., Natvig, C., Kilbourn, K., Spradley, J., Grzywa-
Cobb, R., Philips, S., McSweeney, P., & Laudenslager, M. L. (2013). Elevated peri-
transplant distress in caregivers of allogeneic blood or marrow transplant patients. 
Psychooncology, 22(9), 2064-2070. https://doi.org/10.1002/pon.3259  
Sin, N. L., & Lyubomirsky, S. (2009). Enhancing well-being and alleviating depressive 
symptoms with positive psychology interventions: a practice-friendly meta-analysis. J 
Clin Psychol, 65(5), 467-487. https://doi.org/10.1002/jclp.20593  
Stenberg, U., Ruland, C. M., & Miaskowski, C. (2010). Review of the literature on the effects of 
caring for a patient with cancer. Psychooncology, 19(10), 1013-1025. 
https://doi.org/10.1002/pon.1670  
Tan, K. R., Santacroce, S. J., Mayer, D. K., & Fredrickson, B. L. (2020). A nursing theory 
synthesis for studying positive emotions, stress, and health in caregivers of adults with 
advanced cancer. [Unpublished Manuscript]. School of Nursing, University of North 
Carolina at Chapel HIll.  
Tan, K. R., Santacroce, S. J., Wood, W. A., Mayer, D. K., Santos, H., Mucha, P. J., Schwartz, T. 
A., & Fredrickson, B. L. (2021). Positive psychological states and stress responses in 
caregivers of adults receiving an allogeneic bone marrow transplant: A study protocol. J 
Adv Nurs. https://doi.org/10.1111/jan.14742  
Tarlow, B. J., Wisniewski, S. R., Belle, S. H., Rubert, M., Ory, M. G., & Gallagher-Thompson, 
D. (2004). Positives aspects of caregiving. Research on Aging, 26(4), 429-453. 
https://doi.org/10.1177/0164027504264493  
 124 
Todd, J., Simpson, P., Estis, J., Torres, V., & Wub, A. H. (2013). Reference range and short- and 
long-term biological variation of interleukin (IL)-6, IL-17A and tissue necrosis factor-
alpha using high sensitivity assays. Cytokine, 64(3), 660-665. 
https://doi.org/10.1016/j.cyto.2013.09.018  
Trevino, K. M., Prigerson, H. G., & Maciejewski, P. K. (2017). Advanced cancer caregiving as a 
risk for major depressive episodes and generalized anxiety disorder. Psychooncology. 
https://doi.org/10.1002/pon.4441  
Von Ah, D., Spath, M., Nielsen, A., & Fife, B. (2016). The Caregiver's Role Across the Bone 
Marrow Transplantation Trajectory. Cancer Nurs, 39(1), E12-19. 
https://doi.org/10.1097/NCC.0000000000000242  
Williams, L. A. (2007). Whatever it takes: informal caregiving dynamics in blood and marrow 
transplantation. Oncol Nurs Forum, 34(2), 379-387. 
https://doi.org/10.1188/07.ONF.379-387  
Winterheld, H. A. (2017). Hiding feelings for whose sake? Attachment avoidance, relationship 
connectedness, and protective buffering intentions. Emotion, 17(6), 965-980. 
https://doi.org/10.1037/emo0000291  
Wulff-Burchfield, E. M., Jagasia, M., & Savani, B. N. (2013). Long-term follow-up of informal 
caregivers after allo-SCT: a systematic review. Bone Marrow Transplant, 48(4), 469-
473. https://doi.org/10.1038/bmt.2012.123  
 
 125 
CHAPTER 4: EXPLORATORY NETWORK ANALYSIS OF STRESS, 
PSYCHONEUROIMMUNOLOGIC SYMPTOMS AND EMOTIONS IN CAREGIVERS 
OF ALLOGENEIC BONE MARROW TRANSPLANT PATIENTS.  
Introduction 
Caregivers of patients receiving an allogeneic bone marrow transplant (BMT) are at 
higher risk for developing stress and inflammation-related health problems such as anxiety, 
cardiovascular disease, depression, and fatigue than other cancer caregivers (Schulz & Beach, 
1999; Stenberg et al., 2010; Trevino et al., 2017). This may in part be due to the unique nature of 
caregiving for an allogeneic BMT patient. In comparison to dementia caregivers whose 
caregiving burden increases gradually as the patient’s function declines (Kim & Schulz, 2008; 
Tschanz et al., 2011), caregiving for an allogeneic BMT patient likely involves experiencing 
intense caregiving-related stress condensed into a shorter time span with the potential need for 
long-term caregiving if the patient experiences functional declines related to transplant 
(Applebaum et al., 2016). In addition, patients receiving a BMT often have high psychosocial 
needs due to having to be isolated after transplant to protect themselves from infection and often 
experience depression (Fife et al., 2000).  In contrast to other patients with cancer who are not 
required to have a caregiver, BMT recipients must have a caregiver 24 hours a day, 7 days a 
week after transplant (Foster et al., 2009; Wulff-Burchfield et al., 2013). Although autogeneic 
(where the bone marrow comes from themselves) transplant recipients also require a caregiver 
24/7, patients are less likely to experience adverse side effects like graft versus host disease  
(GVHD) and recover more quickly after transplant within a month. Moreover, caregiving for an 
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allogeneic BMT patient is unique from other caregiving in that, in addition to managing the 
patient’s side effects of treatments (e.g., high dose chemotherapy and/or total body irradiation), 
the caregiver must live with the patient within 30 minutes of the transplant hospital, often in 
temporary housing hours from their own community for an extended period of time, sometimes 
more than 100 days after transplant (Wulff-Burchfield et al., 2013). Moreover, if the patient 
survives transplant, they may be faced with chronic GVHD which may require long-term 
caregiving years after transplant.  
Caregivers’ biopsychosocial responses to allogeneic BMT transplant-related stress, 
particularly following the patient’s hospital discharge is not well understood and is expected to 
increase as the future of care is increasingly shifted to the least intensive setting possible (the 
home) to control medical costs to the healthcare system. In the not-too-distant future, the least 
intensive setting possible may include delivering the conditioning regimen (e.g., myeloablative 
high-dose chemotherapy and/or radiation to eliminate cancer) and the BMT in the inpatient 
setting with almost immediate discharge after infusion of donor cells and frequent follow-up 
monitoring at the patient’s home in combination with ambulatory care visits. And although the 
evidence for negative health effects of caregiving for a patient with a chronic illness (e.g., sleep 
disturbance, anxiety, depression, and fatigue) have been well described cross sectionally in both 
cancer (Garcia-Torres et al., 2020) and dementia caregivers (Liu et al., 2017; Smyth et al., 2020), 
the psychological and biological mechanisms through which allogeneic BMTs caregivers’ stress 
affects their health are not well understood.  
Theoretical Foundation 
Our work was guided by a theory (Tan et al., 2020) synthesized from the 
Psychoneuroimmunological (PNI) framework (McCain et al., 2005; McCain & Smith, 1994) and 
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the Broaden-and-Build Theory of Positive Emotions (Fredrickson, 2004, 2013). Our guiding 
conceptual model is shown in Figure 4.1. Poorer health among caregivers may in part be due to 
underlying biological and psychological mechanisms related to chronic stress response.  
Caregiving related stressors are initially perceived and then appraised as dangerous or beneficial 
(McCain et al., 2005; McCain & Smith, 1994). Appraisal of these stressors trigger the brain to 
produce psychological (emotions) and physiological responses (symptoms). Appraisals of 
situations as dangerous trigger the brain to activate the PNI axis to produce a cascade of 
responses including pro- and anti-inflammatory cytokines. This is initially advantageous when 
responding to acute stressors by making biological resources more readily available and 
physiological changes that would allow an individual to flee a dangerous situation, if needed. 
However, prolonged PNI axis activation can lead to inflammatory dysregulation and downstream 
PNI symptoms (e.g., anxiety, depression, fatigue, sleep disturbance) (Correa et al., 2015; Herbert 
& Cohen, 1993).  
Emotions experienced may moderate the effects of stress on physiological changes. 
Negative emotions might exacerbate the caregiver’s appraisal of the stressor as more dangerous 
even if the stressor does not pose an immediate threat to the person’s wellbeing. In contrast, 
positive emotions may buffer the caregiver’s appraisal of these stressors and reduce subsequent 
health outcomes (e.g., depression and anxiety) by enabling individuals to broaden their mindsets, 
for example, by allowing one to see the situation’s potential benefits in typically stressful 
situations such as caregiving (e.g., seeing the potential for a future or seeing relationship growth) 
and thus cope in more functional ways (Fredrickson, 2004, 2013). Despite positive and negative 
emotions having unique effects on the stress response, evidence thus far has been focused on 
primarily negative emotions. Negative emotions, when sustained and recurrent, are associated 
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with increased experiences of PNI symptoms and even increased risk for mortality (Kiecolt-
Glaser et al., 2002). How these PNI symptoms relate to positive emotions is relatively unknown, 
however, the experience of these symptoms may affect day to day experiences of positive 
emotions and overall caregiver well-being. Conversely, experiences of positive emotions may 
affect how individuals cope with experienced PNI symptoms. Prior studies of the mechanisms 
linking perceived stress and its effects on PNI symptoms (anxiety, depression, fatigue, sleep 
disturbance) and subjective indicators of health (quality of life) in caregiving populations have 
examined these relationships as linear relationships between factors at different time points 
(Applebaum et al., 2016; Stenberg et al., 2010).  
Network analysis is a potentially useful tool in exploring temporal relationships between 
groups of factors such as those involved in stress response and its effects on health. Network 
analysis has been used to examine various types of psychopathology networks such as 
depression (Santos et al., 2017) and post-traumatic stress disorders (Greene et al., 2018). Here, 
we applied the more recent uses of network analysis—symptoms networks— in which the 
resulting network of symptoms will provide a more specific understanding of relationships 
among PNI symptoms in addition to how PNI symptoms interact with other variables involved in 
the stress response (Kossakowski et al., 2016).  The goal of our current work was to explore 
network models that account for changes in individual level factors and interactions among 
emotions and PNI symptoms over time in a sample of eleven caregivers of patients who received 
an allogeneic BMT as part of their cancer treatment regimen. The study aims were to:  
1) If indicated by pre-analysis, estimate pre- and post-discharge network models of PNI 
symptoms and emotions in caregivers of patients receiving an allogeneic BMT and 
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2) Estimate weekly network models of PNI symptoms and emotions in caregivers of 
patients receiving an allogeneic BMT. 
We had several hypotheses across aim 1 and 2 which were based on qualitative and 
quantitative evidence (Applebaum et al., 2016; Wulff-Burchfield et al., 2013). For aim 1, we 
hypothesized that positive emotions would have negative relationships with negative emotions 
and all PNI symptoms across both pre and post discharge (such that higher positive emotions 
would be associated with lower PNI symptoms), and that this relationship be more negatively 
related after discharge. Moreover, we hypothesized that sleep disturbance and fatigue would be 
positively correlated (more sleep disturbance would be related to more fatigue) and that higher 
negative emotions would be related to higher depression and anxiety symptoms in both 
networks. In addition, we hypothesized that anxiety related to sleep disturbance would be higher 
pre-discharge.  
For aim 2, we hypothesized that weekly symptom network structures would appear 
different such that anxiety would play a central role before discharge from the hospital (e.g., 
baseline through week 4, and that fatigue would play a more central role after discharge (e.g., 
week 8 through 12). These hypotheses were based on evidence that caregivers experience high 
anxiety and worry during the initial hospitalization related to the patient experiencing potential 
life-threatening events such as sepsis leading to transfer to the intensive care unit (ICU) 
(Ghorbanzadeh et al., 2021) and evidence that as caregivers provide care for more time, they 
become more fatigued (Jaremka et al., 2014). Moreover, we hypothesized that the relationships 
between positive emotions and PNI symptoms would remain consistently negative.  
A network systems approach shifts the focus from examining separate perceived 
symptoms toward patterns of associations between symptoms (Borsboom & Cramer, 2013) to 
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identify variables that can be intervened upon in future research for maximal effects. We also 
explored the hypothesis that caregivers’ stress and PNI symptom networks worsen after patients 
are discharged from the hospital to ambulatory care.  
Methods 
Design, Sample and Setting 
We conducted a 12-week longitudinal survey study of eleven caregivers of adult patient’s 
receiving an allogeneic bone marrow transplant as part of their cancer treatment. Data were 
collected at North Carolina’s Cancer Hospital (NCCH’s) BMT outpatient clinic and 
intermediate-stepdown inpatient BMT nursing unit. Approval for the study was obtained 
from Lineberger Comprehensive Cancer Center Protocol Review Committee (LCCC PRC 
#1831), University of North Carolina at Chapel Hill (UNC) Institutional Review Board (IRB 
#18-1703), and the UNC Healthcare Nursing Research Council.  
Procedures    
Index patients were identified from the NCCH BMT Program admission schedules and 
BMT clinic schedules. The eligibility criteria for index patients were that they be: 1) scheduled 
to receive an allogeneic BMT in the next month; 2) aged 18 years or older; and 3) had the ability 
to use the English language well enough to provide informed consent and authorization for 
abstraction of a limited set of demographic and clinical data from their electronic health record 
(EHR). To be eligible for the study, caregivers had to be: 1) identified as a designated caregiver 
of an index patient; 2), aged 18 years or more; and 3) able to use the English language well 
enough to provide informed consent and participate in study interviews, complete the surveys. 
and be screened for fear of blood or history of fainting at the sight of blood; caregivers who 
screen positive for either of these will be excluded from the study. Full recruitment procedures 
are available in an associated protocol manuscript (Tan et al., 2021).  
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Measures 
Caregivers were asked to participate in weekly data collections for 8-12 weeks (Baseline 
- Week 12) following enrollment and baseline data collection (baseline). Caregivers completed 
the online study surveys using an iPad® device or their own electronic device. Their completed 
surveys were directly uploaded to the North Carolina Translational and Clinical Sciences (NC 
Tracs) Research Electronic Data Capture (REDCap) secure server. The study survey was 
comprised of established validated measures that ask participants about their demographics, 
emotions and psychoneurological symptoms.  
Demographics 
A modified version of the BRICS NINR Demographics survey (National Library of 
Medicine, 2016) was used to collect caregiver data including four demographic items (age, sex, 
race, and ethnicity), four socio-economic items (highest degree received, marital status, income, 
usual employment status). Four other context related items were also added (current employment 
status, relationship to patient, duration of that relationship).  
PNI Symptoms 
Stress response symptoms were measured weekly via the Patient-Reported Outcomes 
Measurement Information System-29 profile (PROMIS-29 profile) (Bjorner et al., 2014; Flynn et 
al., 2015; Merriwether et al., 2017). The PROMIS-29 profile contains the 4-item short-form 
versions of eight domains, four of which were measured in this study: anxiety, depression, 
fatigue, and sleep disturbance. Respondents were asked to indicate how often they experienced a 
particular symptom in the last seven days on a scale anchored by 0=never to 4=always. 
Scores were averaged in each domain with higher average score indicating more symptoms 
experienced (Bjorner et al., 2014; Flynn et al., 2015; Merriwether et al., 2017). Reliabilities for 
the four domains in previous research ranged from α = 0.85-0.95 (Bjorner et al., 2014; Flynn et 
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al., 2015; Merriwether et al., 2017). Domain sub-scores for each PNI symptom ranged from 0 to 
4.   
Emotions 
The Modified Differential Emotions Scale (mDES) ((Fredrickson, 2013) is a self-report 
of ten positive and ten negative emotions felt in the last week. 
Weekly, participants were instructed to select the frequency they felt a particular emotion in the 
past week using a 5-point Likert response scale anchored by 0=never and 4=most of the 
time (Fredrickson, 2013). Scores for positive and negative emotion items were totaled separately 
(scores range from 0 to 40). The mDES is a reliable tool for measuring positive (α = 0.86-
0.94) and negative (α = 0.82-0.85) emotions in healthy adults ((Fredrickson, 
2013). Additionally, the mDES encompasses a wider set of positive emotions than the Positive 
and Negative Affect Schedule (PANAS) (Fredrickson, 2013).   
Data Analysis 
The data were analyzed using R statistical software, the R-code that was utilized is 
presented in Appendix 4.1. In this study we conducted the following analyses: 1) we first 
conducted descriptive statistics and trended symptom data against days post-transplant; 2) we 
then estimated symptom network models for pre- and post- discharge; 3) then we estimated 
weekly (baseline – W12) PNI symptoms and emotions; 4) for each network model, we calculated 
centrality indices to explore the importance of individual nodes; and 5) last, we examined the 
robustness of each network model.  
Statistical Analyses 
Descriptive statistics were conducted for all variables using R statistical software. We 
calculated the frequencies and percentages for all demographic categorical variables and means 
and standard deviations for caregiver age and patient age. We then calculated the means, 
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standard deviations, reliabilities for each measure (mDES and PROMIS-29). Because the sample 
size for this study is small (11 caregivers), we reduced the number of nodes by using subscale 
scores or total scores, depending on the measure, instead of individual item scores. Subscale 
scores were calculated for PROMIS-29 profile domain scores for anxiety, depression, fatigue, 
and sleep disturbance and mDES score for positive emotions and negative emotions 
Pre-Analysis   
Raw caregiver emotion and PNI symptom data were plotted on a timeline for each 
caregiver and visually examined for changes over time. Particular attention was made to 
caregiver scores before and after discharge from the hospital to explore whether caregiver stress 
and PNI symptoms worsened following patients’ discharge from the hospital to ambulatory care.   
Network Estimation  
We utilized the R package qgraph to estimate and visualize all networks and followed the 
tutorial paper: Estimating networks and their stability (Epskamp et al., 2018). We used Gaussian 
Graphical Model (GGM; estimateNetwork) to estimate regularized partial correlation networks 
(controlling for all other variables) for each weekly time point for pooled data. The resulting 
network structures provide a graphic representation of the linkages between variables. Using 
terminology from graph theory (Bondy & Murty, 2008), the resulting network models depict 
variables as nodes (circles) and associations between those variables as edges (lines connecting 
circles in the graphic image). The strength of an association edge (line) is indicated by the 
thickness of the line (e.g., a thicker line represents stronger associations). The coloration of the 
edge is such that a green line represents positive associations and red lines represent negative 
associations between variables. We chose to remove two participants that did not have a date of 
discharge (due to patient death and withdrawal from study) from the Pre- and Post- network 
analysis because of a lack longitudinal data, and theoretical difference in symptoms just before 
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bereavement. At or before bereavement we expected these two participants to experience more 
negative emotions than their counterparts whose index patient did not die. However, all eleven 
participants were included in the weekly network analysis.  
Centrality  
Secondly, we identified important nodes in the networks, by quantifying their importance 
through centrality indices. Strength, betweenness, and closeness centrality was calculated for 
each network model. As recommended, centrality measures for our estimated networks were 
interpreted skeptically because they may be unstable and unreliable in psychological networks 
such as ours (Bringmann et al., 2018). However, we still calculated and interpreted centrality 
indices to explore potential nodes of interest.  
Strength refers to which node has the strongest overall connections in the network. 
Strength was calculated from the sum of the absolute value of edge weights connected to a 
specific node (Richetin et al., 2017). Indirect relationships between nodes were not accounted for 
in strength centrality measures, but was taken into consideration when interpreting these 
centrality measures. Betweenness centrality refers to how often a node lies on the shortest path 
between all pairs of nodes in the network. Nodes with high betweenness have high centrality 
because they control information flow and connect otherwise unconnected communities. 
Closeness centrality refers to the average distance of a node to all other nodes in the network. 
Closeness was calculated from the inverse of the sum of the distance from one node to all other 
nodes in the network.  
Robustness  
Lastly, we examined the robustness of the networks by exploring the accuracy of edge 
weights and centrality indices by utilizing the R package bootnet (Epskamp et al., 2018). 
Accuracy of edge weights was estimated by calculating bootstrapped 95% confidence intervals 
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(CI) around the edge weights and centrality indices. The estimated CI contains the true edge 
weight parameter in 95% of the cases under repeated sampling. Non-parametric bootstrapping, in 
which the data are resampled with replacement, was used to create new datasets for testing. 
Narrower CIs denote more precision in the estimation of edges (Epskamp et al., 2018). 
Robustness of a network is negatively impacted by smaller sample sizes, and greater numbers of 
nodes (Epskamp et al., 2018). 
Results 
Our sample consisted of eleven caregivers of adult patients receiving an allogeneic bone 
marrow transplant as part of their treatment for a hematologic cancer who were followed for 
twelve weeks after transplant (Table 4.1). The majority of index patients had a diagnosis of acute 
myeloid leukemia (AML; 36.4%) or myelodysplastic syndrome (MDS; 36.4%). All caregivers 
were well educated (at least some college; 100%), the majority were female (72.7%), White 
(82.8%), and not Hispanic (90.9%). Caregivers ranged in age from 30 to 76 years (mean = 57.8 
years, SD = 13.3); care recipients ranged in age from 35 to 75 years (mean = 61.3 years, SD = 
11.1). One participant each week was withdrawn from the study at weeks 4, 7, and 12 due to the 
index patient dying. Of our variables of interest, participants average scores were as follows: 
positive emotions (27.7, SD = 8.2), negative emotions (5.8, SD = 3.6), anxiety (0.9, SD = 0.7), 
depression (0.54, SD = 0.5), fatigue (1.4, SD = 0.7), and sleep disturbance (0.7, SD = 0.8) (Table 
4.2). 
Pre-Analysis  
Of the nine included caregivers in the pre- and post- network analysis (two participants 
were dropped because they did not have post-discharge data), their PNI symptom scores 
demonstrated trends of increased (n=3) or consistent (n=4) PNI symptom self-report after 
discharge in the majority of cases, in contrast, two cases demonstrated a noticeable decrease in 
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PNI symptom score after discharge. Because the majority of participants had increasing or 
consistent post discharge symptoms, we proceeded with conducting the exploratory network 
analysis of pre- and post- discharge data. Weekly pooled means and standard deviations for each 
variable were calculated from available data and visually examined for trends week to week 
(Table 4.3). We noted that on examination, weekly average symptoms scores appeared to be 
higher at Baseline (Anxiety = 1.36; Fatigue = 1.66; Sleep Disturbance = 2.2); week 3 (Anxiety = 
1.36; Fatigue = 1.59; Sleep Disturbance = 1.93); and week 11 or 12 (Anxiety W11 = 0.91; 
Fatigue W12 = 1.41; Sleep Disturbance W11 = 1.75). Therefore, we also chose to explore 
weekly emotion-symptom networks. 
Aim 1. Pre- and Post- Discharge Exploratory Network Analysis 
Pre- and Post-Network Structures 
 As expected, across both pre- and post- discharge, negative emotions were positively 
correlated with all PNI symptoms. In contrast, positive emotions were negatively correlated with 
negative emotions and PNI symptoms (anxiety, depression, fatigue) (Appendix 4.2). 
Unexpectedly, sleep disturbance was weakly positively correlated with positive emotions pre- 
(0.10) and post- discharge (0.45). The estimated graphic representations of pre- and post- 
discharge networks for PNI symptoms and emotions are presented in Figure 4.2 and regularized 
partial correlations are presented for both networks in Table 4.4. When visually comparing pre- 
and post- discharge network structures, positive emotions were consistently negatively correlated 
with depression in both networks, with the following partial regularized correlations (pcor) pre-
discharge pcor= - 0.44 and post-discharge pcor = - 0.39. The expected negatively correlated 
relationship between negative emotions and positive emotions (pcor = - 0.27) faded post-
discharge (pcor = 0.01).  
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Pre- and Post- Network Inference 
 The correlation stability coefficient for all centrality indices of the pre-discharge network 
were below the minimum threshold of 0.25 which indicates that the network structure was 
unstable probably due to low sample size (Epskamp et al., 2018) (betweenness= 0.05, 
closeness=0.05, and strength = 0.21). All correlation stability coefficients for centrality indices 
of the post-discharge network were above the minimum threshold which indicates the post-
discharge network structure had acceptable stability (betweenness = 0.28, closeness=0.28, 
strength =0.28).  Because the goal of this analysis was to compare between node relationship 
differences in pre- and post- discharge networks, and the stability of pre-discharge centrality 
indices was poor with only strength centrality approaching the minimum threshold, we chose to 
interpret only strength centrality (Appendix 4.3). The node with the highest strength centrality 
pre-discharge was anxiety (1.19). The node with the highest strength centrality post-discharge 
was depression (1.96). Our findings were supported by edge-weight accuracy analysis and edge-
weights difference tests for both networks which indicates that the edge weights presented are 
moderately reliable (Appendix 4.4 and 4.5).  
Aim 2. Weekly Exploratory Network Analysis 
Weekly Network Structures 
As expected, across all twelve weeks, positive emotions were negatively correlated with 
negative emotions, anxiety symptoms, depression symptoms, fatigue, and sleep disturbance 
(Appendix 4.6). Similarly, negative emotions were consistently positively correlated with all PNI 
symptoms. The estimated weekly networks of PNI symptoms and emotions are presented in 
Figure 4.3 and regularized partial correlations are presented for each week in Table 4.5. Notably, 
within the weekly networks, positive and negative emotions became positively correlated at 
week 5 (pcor = 0.33), and were consistently weakly correlated (pcor range -0.21 to 0.57) through 
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week 12. Of other interest, sleep disturbance and fatigue were moderately negatively correlated 
(pcor = -0.64), and developed into a positively correlated relationship at week 1 (0.15) and 
consistently stayed positively correlated through week 12, with the highest positive partial 
correlation between week 4 (0.88) and week 7 (0.93). Positive emotions and anxiety were 
negatively correlated at baseline (pcor = -0.84) and at the end of the study in week 11 (pcor =  
-0.76) and week 12 (pcor = -0.61). In sum, the estimated network structures at each week 
visually varied, with sleep disturbance and fatigue developing a stronger positive relationship 
through week 12, which indicates that worsening sleep disturbance was more associated with 
increased fatigue.  
Weekly Network Inference 
Betweenness, closeness, and strength for each network had poor stability from baseline to 
week 12 (Appendix 4.7). Despite centrality measures having poor stabilities due to the small 
sample size at each week, we chose to interpret strength centrality, because it is typically the 
most accurately estimated centrality measure in psychological networks (Epskamp et al., 2018). 
The highest strength centrality at each week varied, however, the most common highest 
standardized strength centrality was fatigue (W1=1.45, W4=1.22, W5=0.44, W6=1.16, 
W10=1.24). The next most common highest standardized strength centrality was sleep 
disturbance (baseline= 0.83, W7 = 0.96), then anxiety (W11 = 1.55, W12=0.50). The highest 
strength centrality at the remaining weeks were as follows: Negative emotions at week 2 (1.46), 
positive emotions at week 3 (1.07), and depression at week 9 (1.22). Our findings were not 
supported by edge-weight accuracy analysis which indicates that networks may be unstable or 
edge-weights difference tests which indicates that edges between nodes do not differ 
significantly from one another (Appendix 4.8 and 4.9).  
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Discussion 
In this study, we conducted an exploratory symptom network analysis of longitudinal 
weekly survey data of eleven caregivers providing care to a patient receiving an allogeneic bone 
marrow transplant as part of their cancer treatment. We found that descriptively, pre- and post- 
discharge network structures appear different. Specifically, relationships between anxiety, 
depression, and fatigue symptoms were stronger after discharge, and sleep disturbance developed 
a weakly negative relationship with anxiety, depression, and fatigue. As indicated by our original 
purpose, we first describe key findings and generate hypotheses from the pre- and post- 
discharge network findings 
We also note that, network structures visually varied across the 12 weeks after BMT. 
These preliminary findings that emotion and symptoms experiences vary may in part be due to 
the moment-to-moment changes in caregiving demands and the ever-changing clinical condition 
of the patient. Although we were able to identify central nodes in weekly network analysis, we 
have chosen not to generate hypotheses from the weekly networks because the stability of the 
networks and centrality measures were poor. We instead describe limitations of the weekly 
network structures and how to address these limitations in future studies.  
Stress Symptoms After Transplant 
 Notably, anxiety had the highest strength centrality pre-discharge and depression had the 
highest strength centrality post-discharge. Our findings supported our hypothesis that before 
discharge, caregivers’ symptoms may be driven by heightened anxiety due to worry about 
potential life-threatening events such as sepsis leading to patient death or requiring ICU 
hospitalization, and not knowing what to expect after transplant. This is consistent with evidence 
that caregiver anxiety is high before and during transfers to the ICU (Ghorbanzadeh et al., 2021). 
Moreover, we note that previous work has demonstrated that anxiety is linked to sleep 
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disturbance in cancer caregivers and other caregivers of patients with chronic illnesses such as 
dementia (Smyth et al., 2020). However, the directionality of the relationship between sleep 
problems and anxiety has not been well studied in caregiving populations (Smyth et al., 2020). 
As time progresses and the patient is discharged, we further hypothesized that although 
caregivers might still experience anxiety symptoms, they are less prominent than other 
symptoms. In contrast to our hypothesis, depressive symptoms appeared more central after 
discharge, not fatigue. We speculate that this may be because the caregiver’s primary symptom 
and negative emotion is depression and sadness related to loss of normalcy and not anxiety. In 
general, after discharge, the patient is no longer “sick enough” to require hospitalization and the 
anxiety related to the “what could happen” worries are reduced. Moreover, previous longitudinal 
work in liver and pancreatic cancer patients and their caregivers have linked patient depressive 
symptoms and caregiver depressive symptoms (Chen et al., 2020). And although this finding has 
not been replicated in patients receiving a BMT and their caregivers, we hypothesize that BMT 
patient depression and anxiety symptoms are also linked to their caregivers’ symptoms.  In a 
longitudinal study of BMT recipients, anxiety was highest just before transplant and decreased 
significantly after discharge from the hospital (Fife et al., 2000). And after discharge, BMT 
recipient’s depression was closely linked to their BMT related symptoms (e.g., gastrointestinal 
problems, fatigue, nausea) (Fife et al., 2000). If caregivers’ symptoms are indeed linked to their 
patients, we hypothesize that drivers of caregivers PNI symptoms would be similar to drivers of 
patient symptoms such that anxiety would be more prominent before discharge.    
 Unexpectedly, relationships between sleep disturbance and other PNI symptoms changed 
pre- and post- discharge. Sleep disturbance pre-discharge was weakly positively correlated with 
anxiety, depression, and fatigue. After discharge, sleep disturbance was weakly negatively 
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correlated with anxiety and fatigue but not depression. We hypothesize that sleep disturbance is 
weakly related to other symptoms in our network because unlike other nodes, sleep disturbance 
may be dictated by factors outside of the network such as noisy hospital environments and 
frequent sleep disruptions related to care of the patient pre-discharge, and better sleep quality due 
to being back in a more comfortable environment after discharge. 
Emotions and Stress Symptoms 
As expected, positive emotions were negatively correlated with all stress symptoms 
except sleep disturbance. We hypothesize that when caregivers experience sleep disturbance they 
are more likely to seek out enjoyable activities to fill “awake times” such as reading to assist 
themselves with falling asleep.  
Of note, the relationship between positive emotions and depressive symptoms was 
moderately negatively strong pre-discharge, and the relationship between negative emotions and 
depression was weakly positively correlated. In contrast, post-discharge, positive emotions were 
still moderately negatively correlated with depression, but negative emotions developed a 
moderately strong positive correlation. We hypothesize that positive emotions may buffer 
depressive symptoms in such a way that more frequently experiencing positive emotions before 
discharge may reduce depressive symptoms across the time after transplant. Pre-discharge 
positive emotions had the next highest strength centrality after anxiety, in comparison to negative 
emotions which had weak strength centrality. We hypothesize that positive emotions may be 
particularly useful before discharge because of the weaker potential impact of negative emotions 
on depression during this time. 
Our findings align with evidence from social psychology that positive emotions and 
negative emotions have unique effects on stress response. Positive emotions can undo improve 
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recovery from negative emotions (Fredrickson, 2004, 2013) and lower positive emotion 
experience can increase or be a marker of depression and anxiety symptoms (Benning & Ait 
Oumeziane, 2017). In addition, our findings support evidence that negative emotions increase 
experiences of PNI symptoms (Kiecolt-Glaser et al., 2002) and that positive emotion effects on 
PNI symptoms may reduce each of their distinct effects especially during chronically stressful 
situations. Our findings were also consistent with literature that caregivers indeed experience 
both positive and negative emotions while caregiving (Autio & Rissanen, 2018; Folkman & 
Moskowitz, 2000; Pressman et al., 2018).  
Limitations 
This study has several limitations including but not limited to small sample size resulting 
in poor network stability and centrality stability in weekly networks and the pre-discharge 
network. We attempted to improve network stability by reducing the number of variable nodes 
through collapsing items into subscale scores for emotions (positive and negative) and symptoms 
(anxiety, depression, fatigue, sleep disturbance). However, attempts to improve network stability 
in the weekly networks was unsuccessful because of the small sample size. Nevertheless, 
because the purpose of our study was to generate hypotheses from exploration of networks, we 
found that pre- and post- discharge networks provided a vast amount of information about how 
caregivers experience emotions and stress related symptoms after transplant. We also note that 
interpretation of symptoms networks should be made cautiously, because other important nodes 
may have been left out from the analysis and centrality indices may be unstable. In addition, 
several negative emotion items in the mDES scale use words like “worry” or “sad” which may 
lead to covariance between negative emotion scores and anxiety and depression symptoms. This 
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covariance may have been in part reduced by summing item scores to create a single negative 
emotion score.  
Clinical Implications 
Our preliminary findings suggest that caregiver’s symptom experiences may be driven by 
anxiety and worry before discharge and even before transplant occurs. As such, caregivers 
should be monitored for transplant-related worry, and be given support early when transplant 
discussions begin. Moreover, our findings suggest that after discharge when patients return for 
outpatient care, particular attention should be made to caregiver’s depressive symptoms and 
fatigue. As we continue to rely on caregivers after transplant and other oncologic outpatient 
treatments, their health and psychological well-being must be protected so that they can continue 
to care for these patients. We assert that initial caregiver distress screening is not enough, and 
that caregivers should be closely monitored and treated for anxiety, depression, and sleep 
problems throughout the peri-transplant time (before and after transplant). 
Recommendations for Future Research 
 As an exploratory study of a small sample of caregivers, we first recommend that future 
longitudinal work seek to follow a larger sample of caregivers to improve network stabilities. 
Our work provides a foundation for future work on positive psychology interventions, 
specifically appropriate delivery timing for caregivers.  In terms of timing, we identified two 
different potential drivers of stress related symptom experiences, before discharge, anxiety was a 
potential driver, and after discharge the potential drivers were depression and fatigue. Therefore, 
because positive emotions were found to be moderately negatively correlated with PN symptoms  
(depression and anxiety) before discharge, it may be useful to provide a positive psychology 
intervention early on during transplant. We also note that caregivers of patients receiving bone 
marrow transplants have been caregiving for the patients prior to transplant. Their symptom and 
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emotion experiences may be different at initial cancer diagnosis, related to the acutely stressful 
nature of a life-threatening diagnosis, and the uncertain times of initial cancer treatments. We 
also note that caregivers who experience bereavement or death of a patient may have unique 
symptom networks due to the complex nature of grief. Moreover, caregivers of patients with 
other chronic illnesses like dementia, may have different symptom networks due to the 
compounding chronically stressful experience that is caring for someone as they continue to 
functionally decline. Thus, we believe symptom networks for caregivers of patients with 
advanced cancer, caregivers experiencing bereavement, and other caregivers of patients with 
chronic illnesses warrant additional exploration.  
 To our knowledge, our study is the first to explore the longitudinal symptom networks of 
caregivers across the first 12 weeks after bone marrow transplant that pays particular attention to 
experiences before and after discharge from the hospital. Our work expands on existing evidence 
that caregivers experience stress, and are heavily relied upon after discharge from the hospital to 
provide care to patients at home. Our work also expands on existing evidence that caregivers 
experience both positive and negative emotions when caregiving and allowed us to generate 
hypotheses about the potential buffering effects of positive emotions.  
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Figure 4.1: Conceptual Model – Theory of Chronic Stress Responses and Positive Emotions 
in the Context of Cancer Caregiving 
 
 
Table 4.1: Participant Characteristics at Baseline (n=11 caregivers) 
Variable  n (Percentage)/Mean (SD, range)  
Index Patient Characteristics  
     Age   61.3 (11.1, 35 - 75)  
     Sex (%male)  8 (72.7%)  
     Patient Race (%non-white)  1 (9.1%)  
     Ethnicity (%Hispanic)  0%  
     Cancer diagnosis  
AML  
ALL   
MDS   
Other   
  
4 (36.4%)  
2 (18.2%)  
4 (36.4%)  
1 (9.1%)  
     Type of Transplant 
Matched Related Donor 
Matched Unrelated Donor 





Caregiver Characteristics  
     Age   57.8 (SD 13.3, 30 - 76)  
     Sex (%male)   3(27.3%)  
     Race (%non-white)  2 (18.2%)  
     Ethnicity (%Hispanic)  1 (9.1%)  
     Education Level   
Associate Degree  
Bachelor’s degree  
Master’s degree  
  
  
3 (27.3%)  
4 (36.4%)  
4 (36.4%)  
Positive Emotions



























Day to day caregiving 












Mean  SD Range Reliability 
Cronbach’s 
alpha  
Psychological States  
     Positive 
Emotions   
0 – 40 PE 27.8 8.2 13 -40 0.96  
     Negative 
Emotions  
0 – 40 NE 5.8 3.6 0 – 16 0.76  
PN Symptoms  
     Anxiety  0 – 4 Anx 0.9 0.7 0 -2.7 0.87  
     Depression  0 – 4 Dep 0.5 0.6 0 – 2 0.86  
     Fatigue  0 – 4 Ftg 1.4 0.7 0.3 – 3.3 0.90  
     Sleep 
Disturbance  
0 – 4 SlpDis 1.7 0.8 0.3 – 3.8 0.84  
 
 
Table 4.3: Means and Standard Deviations for Variables from Baseline to Week 12 (n = 8 – 
11 Caregivers) 
Week B W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 





















































































































































































Figure 4.2: Pre- and Post- Discharge Network Models 
Node Variables: Anx- Anxiety, Dep- Depression, Ftg-Fatigue, SlpDis-Sleep Disturbance, PE-
Positive Emotions, NE-Negative Emotions. Red lines indicate negative partial correlation 
between variables, green lines represent positive partial correlation between variables.  Thicker 




Figure 4.3: Weekly Estimated Networks (n=9 Caregivers)  
Node Variables: Anx- Anxiety, Dep- Depression, Ftg-Fatigue, SlpDis-Sleep Disturbance, PE-
Positive Emotions, NE-Negative Emotions. Red lines indicate negative partial correlation 
between variables, green lines represent positive partial correlation between variables.  Thicker 
lines represent stronger relationship between nodes.  
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CHAPTER 5: FINDINGS AND IMPLICATIONS 
There are more than 3 million caregivers of individuals with cancer in the US, and 
approximately 53 million caregivers of an individual with a chronic condition as of 2020 
(National Alliance for Caregiving and The American Association of Retired Persons, 2020). The 
number of caregivers of individuals with cancer in the US is expected to continue increasing as a 
result of the increasingly aging baby boomer population, increasing efficacy of cancer treatments 
on long-term survival, and shifts of cancer treatments from inpatient hospitalizations to 
ambulatory care increases the need for caregivers outside of the healthcare setting.  As more 
individuals become caregivers, and the length of time caregiving increases, caregivers will 
become more at risk for the negative effects of caregiving than in the past. These negative health 
effects include but are not limited to depression (Chen et al., 2020), anxiety (Trevino et al., 
2017), and cardiovascular disease (Ross et al., 2017). 
In light of the existing evidence that caregivers experience higher rates of stress and 
stress related health outcomes than non-caregivers (Adelman et al., 2014; Lapid et al., 2015), we 
sought to examine a unique population of caregivers, caregivers of allogeneic bone marrow 
transplant (BMT) recipients, as an exemplar group to study caregiving stress responses and 
potential protective factors during caregiving experiences. This group of caregivers is unique 
from caregivers of patients with dementia in that they are likely to experience intense caregiving-
related stress in a shorter time span but also similar to caregivers of patients with dementia in 
terms of the potential for long-term caregiving needs if the patient experiences functional 
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declines due to disease or treatment. In comparison to other caregivers of patients with cancer 
who are not required to have a caregiver, BMT recipients are required to have a caregiver 24/7 to 
monitor for treatment related side effects (e.g., graft versus host disease [GVHD], infection). In 
addition, they are typically experienced caregivers who provided care to the patient during their 
initial cancer treatments. The overall purpose of this dissertation was to advance our 
understanding of chronic stress responses and the role of positive emotions in caregiving for an 
allogeneic BMT recipient. The aims of this dissertation were three-fold: 1) synthesize the 
Psychoneuroimmunological (PNI) framework and Broaden-and-Build Theory of Positive 
Emotions to create a theory that more fully explains biopsychosocial responses to cancer 
caregiving; 2) describe the caregiver’s experience over 8-12 weeks after the index patient’s 
allogeneic BMT using a case-oriented approach incorporating both qualitative and quantitative 
data; and 3) explore networks of relationships among PNI symptoms (anxiety, depression, 
fatigue, sleep disturbance), positive psychological states (meaning in caregiving, positive 
emotions), and caregiver health (Quality of life [QOL], C-reactive protein [CRP]) across the 8-
12 weeks immediately following the index patient’s allogeneic BMT. 
In this Chapter, we first summarize the major findings of Chapter 2 “A nursing theory 
synthesis for studying positive emotions, stress, and health in caregivers of adults with advanced 
cancer”, Chapter 3 “Case-oriented examination of caregiving for an allogeneic bone marrow 
transplant patient: Psychological, symptom, and biological responses”, and Chapter 4 
“Exploratory network analysis of stress, psychoneuroimmunologic symptoms and emotions in 
caregivers of allogeneic bone marrow transplant patients”, and highlight key takeaways for the 
dissertation as a whole. Second, we examine the alignment between the dissertation findings and 
greater body of caregiving research specifically theoretical foundations, caregiving experiences, 
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and risk and protective factors for caregiver health outcomes. Next, we summarize the strengths 
and limitations of the dissertation. Finally, we outline key implications for research, practice, and 
policy. 
Major Dissertation Findings 
Caregiving experiences for an individual with advanced cancer vary from person to 
person, especially in the case of caregivers of patients receiving an allogeneic bone marrow 
transplant. Indeed, experiences range from the highest highs of “finally going home” to the 
lowest lows of “watching someone you love disappear”.  
Chapter 2: “A Nursing Theory Synthesis for Studying Positive Emotions, Stress, and 
Health in Caregivers of Adults with Advanced Cancer” 
Chapter 2 of the dissertation was a rigorously conducted theory synthesis that followed 
Walker and Avant’s (Walker & Avant, 2011) three steps to theory synthesis: 1) identify and 
define focal concepts; 2) identify and link similar concepts and relationships; and 3) construct an 
integrated theory and visual representation of the theory. Best practices in systematic review 
were utilized in step 2 to gather relevant evidence for the relationships between concepts (Moher 
et al., 2009). In Chapter 2, we synthesized the psychoneuroimmunology (PNI) based paradigm 
(McCain et al., 2005) and the Broaden-and-Build Theory of Positive Emotions (Fredrickson, 
2004, 2013). The PNI-based paradigm, is a middle-range nursing theory that describes how 
humans respond psycho-behavioral to stressful stimuli. The Broaden-and-Build Theory of 
Positive Emotions describes the beneficial functions of positive emotions: broadening mindsets 
and building personal resources. Our theory synthesis resulted in a holistic theory on the 
biopsychosocial responses that occur when caregiving for an individual with advanced cancer 
receiving intensive treatment. The resulting theory was comprised of six focal concepts: context 
of caregiving (e.g., caregiver and patient demographics, social factors, environmental factors), 
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day-to-day caregiving (e.g., potential caregiving related stressors, assisting with activities of 
daily living, care coordination, providing psychological support), psychological processes (e.g., 
emotion response, appraisal of caregiving, perceived stress, coping behaviors), biological 
processes (immunological response), health (e.g., risk for cardiovascular disease, symptom 
experiences), and upward spiral (broaden and building function of positive emotions lead to the 
experience of more positive emotions). Additionally, the findings highlighted positive emotions 
such as gratitude and hope as a targetable and modifiable variable in chronic stress response 
processes. This theory guided the research presented in Chapters 3 and 4. In addition, this theory 
may be useful for other researchers in guiding both research on chronic stress response 
mechanisms and intervention research focused on psycho-behavioral interventions 
Chapter 3: “Case-Oriented Examination of Caregiving for an Allogeneic Bone Marrow 
Transplant Patient: Psychological, Symptom, and Biological Responses” 
 Chapter 3 of the dissertation reported findings from an in-depth longitudinal multi 
method primary data collection study of eleven caregivers which was conducted at a large public 
National Cancer institute designated comprehensive cancer care hospital’s bone marrow 
transplant clinic and inpatient unit. This study included monthly interview data, weekly survey 
data (PSS, mDES, PAC, ACS, PROMIS-29), and biweekly biological data (levels of Brain-
derived neurotrophic factor, CRP, and Interleukins-6, 10, 1B in serum). The main findings of this 
study were that caregivers in our sample experienced a wide range of experiences day-to-day and 
before transplant. From aim 1, “describe caregiver experiences during the 8-12 weeks post-
transplant”, we found that caregivers described a wide range of contextual themes that impacted 
their experiences caregiving such as past experiences caregiving for the patient before transplant, 
patient condition, social factors, and being away from home. Notably, caregivers in our study 
were often relied upon for psychological and medical support before transplant. Moreover, they 
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often described trying to meet the patient’s psychosocial needs by helping motivate them and 
comforting them. Caregivers also described physical tasks such as managing medical devices 
and monitoring for signs of GVHD. Interestingly, caregivers often described that their emotions 
“mirrored” patient symptoms. From aim 2, “describe the trends in caregiver stress response 
across 8-12 weeks post-transplant”, we found that caregivers stress-related symptoms generally 
followed three trends: “U-shaped”, “negatively sloped”, and “V-shaped pre-discharge”. The first 
“U-shaped” was characterized by higher levels of anxiety and depression just before transplant 
and towards the end of the follow up period weeks 8-12. Three caregivers of the eleven had “U-
shaped” trends. The second “negative sloped” was characterized by highest levels of symptoms 
at the beginning of transplant, with a steady decrease in experienced symptoms after transplant. 
Two caregivers had a “negative sloped” symptom trend. Of the six remaining caregivers who did 
not have a “U-shaped” or “negatively sloped” symptom trends, four caregivers had “V-shaped 
before discharge” symptom trends which was characterized by highest levels of symptoms at the 
beginning of transplant and just before discharge from this hospital. Lastly, two caregivers index 
patients died before discharge and their overall trend lines could not be determined. In general, 
participants experienced more positive emotions than negative emotions throughout the 12 
weeks. 
Chapter 4: “Exploratory Network Analysis of Stress, Psychoneuroimmunologic Symptoms 
and Emotions in Caregivers of Allogeneic Bone Marrow Transplant Patients” 
 Chapter 4 of the dissertation reported findings from the same data used in Chapter 3’s 
primary data collection study. In this Chapter, we applied symptom network analysis to explore 
networks of emotions (positive and negative) and symptoms (depression, anxiety, fatigue, and 
sleep disturbance) in the 12 weeks following bone marrow transplant. The primary exploratory 
findings of this Chapter were that drivers of stress related symptom experiences varied before 
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and after discharge such that before discharge, anxiety was a potential driver, whereas after 
discharge the driver was depression and fatigue. In addition, we found that positive emotions 
were negatively correlated with all stress symptoms except sleep disturbance. Findings were 
limited by small sample size and poor network stability of weekly networks. In this Chapter, 
several hypotheses were also generated to guide future research. 
Discussion of Findings 
Theories to Study Caregivers 
In Chapter 2 of the dissertation, we described a holistic theory of chronic stress responses 
that takes into consideration the specific function of positive emotions when caregiving. 
Although this theory was not the first to describe positives of caregiving (Folkman, 1997, 2008), 
it is the second to elucidate the potential mechanisms and specific intervenable targets for 
caregivers of patients with advanced cancer and, more specifically, acutely stressful caregiving 
for an individual receiving an allogeneic BMT. Our theory complements previous theories on 
positive outcomes of caregiving (e.g., post traumatic growth and benefit finding), as well as 
stress theories (e.g., positive psychological states and coping with severe stress). Post traumatic 
growth (PTG) and benefit finding focuses on positive outcomes related to caregiving which may 
not occur for every individual. Our theory allows for the possibility of PTG and benefit finding 
to occur, but also the value of momentary positive emotions in caregiving.  
Similarly, to Folkman’s revised stress and coping model “positive psychological states 
and coping with severe stress” (Folkman, 1997, 2008), which was the first to include positive 
psychological states in stress processing in caregivers of people living with HIV, we further 
described how positive psychological states (e.g., positive emotions) operate when caregiving for 
an individual with cancer. In Folkman’s essay (2008), she presented an argument that positive 
emotions restore meaning-focused coping resources, infuse meaning to ordinary life events, and 
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sustains meaning focused coping. Our theory utilized the Broaden-and-Build Theory of Positive 
Emotions (Fredrickson, 2004, 2013) to further describe the mechanisms by which positive 
emotions improve not only meaning-based coping as described by Folkman (2008), but also 
adaptive coping such as problem-solving (Fitzell & Pakenham, 2010). Moreover, findings from 
Chapters 3 and 4 further supported existing evidence that positive emotions are indeed 
experienced during chronically stressful caregiving for an individual with advanced cancer 
receiving intensive treatment. In Chapter 3, we found that participants experienced a range of all 
ten emotions measured in the modified differential emotions scale (love, joy, gratitude, serenity, 
interest, hope, pride, amusement, inspiration, and awe). Moreover, participants generally 
experienced more positive emotions than negative emotions throughout the 12 weeks; this was 
consistent with Folkman’s work in caregivers of people with HIV. Before Folkman’s work with 
caregivers of people with HIV, most believed that caregivers experienced primarily negative 
emotions and negative experiences. 
Caregiving Experiences 
Findings from Chapters 3 and 4 were consistent with evidence from three reviews of the 
literature that caregivers have diverse experiences after transplant, and that caregivers’ 
experiences are impacted by many exacerbating and protective factors (Applebaum et al., 2016; 
Beattie & Lebel, 2011; Gemmill et al., 2011) and literature about caregivers of other chronic 
illnesses such as dementia and other advanced cancers. We specifically highlight our findings 
alignment with these reviews and other literature in terms of experiences after transplant, and 
factors that alter caregivers’ experiences.  
In addition, our findings were consistent with reviews of the literature in terms of caregivers’ 
experiences of stress related symptoms in caregivers of patients receiving an allogeneic BMT 
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(Applebaum et al., 2016; Beattie & Lebel, 2011; Gemmill et al., 2011).  Applebaum and 
colleagues in their scoping review of the literature found that no studies specifically examined 
outpatient caregivers of transplant recipients (2016). However, studies in Applebaum and 
colleagues’ scoping review highlight the high emotional costs of outpatient caregiving and 
burden across the peri-transplant period. Beattie and Lebel (2011) found that of studies included 
in their comprehensive review, caregivers reported negative feelings such as uncertainty and fear 
of the future and positive aspects of caregiving such as personal growth and developing a 
stronger relationship with the patient.  
In Chapter 3, we found that caregivers had higher amounts of anxiety at baseline, just 
before discharge, and during emergent situations. From interviews conducted with participants, 
they reported high levels of worry about if the transplant would work, what to expect after 
transplant, and worry that the patient would die. This finding was consistent with literature 
included in Applebaum and colleagues’ scoping review (2016). For example, Sabo and 
colleagues found that caregiving related stress related symptoms varied at critical points one year 
after transplant (2013) and Simoneau and colleagues found that caregivers had high levels of 
distress prior to transplant (2013). Moreover, in Chapters 3 and 4 we found that caregiver fatigue 
was higher after discharge and that fatigue appeared to drive post-discharge symptom networks; 
this finding aligns with previous research on caregivers of patients receiving a bone marrow 
transplant (Bevans et al., 2008), other cancers (Pawl et al., 2013), and other chronic illnesses 
(Jaremka et al., 2014). Of note, the longer an individual provides care the more likely they will 
experience fatigue (Jaremka et al., 2014). In our study, we followed caregivers for 12 weeks after 
transplant, but note that their caregiving experiences more than likely continued after study 
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follow-up ended. Caregiving likely continues in situations where the patient has chronic graft 
versus host disease or if the patient’s cancer returns (e.g., relapsed cancer diagnosis).  
We also note that caregivers in our study reported positives of caregiving such as having a 
stronger relationship with the patient, giving them a greater perspective of life, and growth as an 
individual. These findings are consistent with the literature on caregivers of other chronic 
illnesses. For example, in a study of cancer caregivers, caregivers reported being more able to 
accept circumstances, become a stronger person, and gave purpose to their lives (Kim et al., 
2007). In contrast, caregivers in our study did not describe events as traumatic, and thus post 
traumatic growth was not observed. We note that traumatic events may not have been captured in 
our study because caregivers were withdrawn from the study if the BMT recipient died.  
Non-Modifiable Factors that Alter the Caregiving Experience 
Next, we discuss several factors identified from our study that may impact the caregiving 
experience including: race, age, gender, and distance from treatment hospital.  
In terms of race, we were unable to determine differences in caregiving experiences based on 
race in our sample of eleven caregivers. We speculate that race may impact caregiving 
experiences in detrimental ways, however even in the greater body of caregiving literature, we 
lack evidence for race and racism impacts on caregiving experiences. Eight of the eleven studies 
included in Applebaum and colleagues’ review of the literature had fewer than 10% racial 
minority participants (2016), our study’s sample had two participants (18.2%) who identified as 
a racial minority out of eleven participants. Despite actively seeking out a diverse sample of 
caregivers, our study like others fell short in terms of racial diversity.  Caregivers who identify as 
an under-represented minority (URM) may have different experiences than Caucasian caregivers 
and may actually experience higher caregiving related burden than other caregivers due to 
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compounding experiences of societal stereotypes, systematic Racism, and other experiences of 
discrimination, especially in health care. In contrast to race related impacts, URM caregivers 
may also be unique in terms of coming from a non-Caucasian culture. Non-Caucasian cultures 
typically have larger family structures, more familial support, and an expectation that the family 
will care for others. The majority of caregivers in our study had familial support, however this 
may be biased because, in order to receive an allogeneic BMT, you must have identified back-up 
caregivers and strong social support systems. We further speculate that Non-Caucasian cultures 
are becoming more similar to Caucasian cultures in the U.S. because of cultural assimilation. 
This was indeed the case in a study of Mexican American caregivers that found that despite 
having large family support systems, nine of the twenty-two caregivers in their study reported 
feeling “chained” and obligated to provide care, however, the majority of caregivers in their 
study reported that caregiving was a reciprocation of care they received as a child (Evans et al., 
2017). The expectation that someone will care for the patient may result in the primary caregiver 
feeling like they had no other option than to provide care and a sense of helplessness. Caregivers 
in our study did not report feeling like they had no choice, but did report a sense of commitment 
to the patient. We note however, that the majority of caregivers in our study were spousal and 
not children of the patient. In all, race and culture may have complex impacts on the experience 
of caregiving related stress that should be taken into consideration in both research and practice.  
In addition to race, age of caregivers in our study appeared to be a risk factor for 
caregiving related stress experiences. Specifically, in Chapter 3, we noted that caregivers in our 
study who were younger than 45 (e.g., an emerging adult) had additional competing demands 
such as full-time employment, responsibility for young children (<10 years old), and caring for 
an older family member. In contrast, caregivers over the age of 65 were often retired and could 
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focus solely on the patient. Moreover, our findings align with recent evidence that emerging 
adult caregivers typically have fewer financial reserves, and many competing demands (Kent, 
2020). For example, three emerging adult caregivers (ages <45) in our study described financial 
concerns, whereas no caregivers over the age of 65 described financial concerns.   
Being female was found to be a risk factor for caregiver distress in Beattie and Lebel’s 
review of the literature on caregivers of BMT recipients (2011). Our sample of eleven caregivers 
included eight female caregivers, five caregivers who were caring for other people, zero 
caregivers with low education attainment. We did not collect data specifically on number of 
hours caregiving, but assume that caregivers in our study provided care 24 hours a day seven 
days a week unless they shared caregiving responsibilities with others (n=3). We also did not 
collect data specifically on financial stress, however, two caregivers mentioned financial worry 
during interviews.  In addition, our sample did not have diversity in terms of education 
attainment, and thus we were unable to determine differences in experiences between low (less 
than high school diploma or equivalent) and high education attainment. 
Lastly, we found distance from the transplant hospital to be a risk factor for caregiving 
related stress. Caregivers’ primary residence distance from the transplant hospital dictated 
whether they needed to stay in temporary housing after transplant. Seven of the eleven caregivers 
in our study reported being away from their usual homes, which is consistent with the fact that 
BMT typically occurs at hospitals in metropolitan or academic centers. Being away from home 
was described as socially isolating and strange. Social isolation and loneliness are linked to 
depression and fatigue in caregivers putting these caregivers at higher risk (Jaremka et al., 2014). 
Our findings were consistent with Jaremka and colleagues, for example, one caregiver in our 
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study who described being socially isolated in all interviews had the highest levels of depression 
of all participants.  
Modifiable Factors that May Alter the Caregiving Experience and Potential Interventions 
We identified several potential modifiable factors from Chapters 2 and 3 and related 
prospective interventions: increasing opportunities to experience positive emotions, reducing 
experiences of negative emotions, and preventing toxic positivity. From literature included in 
Chapter 2’s theory synthesis, we found that eight intervention studies included a component that 
theoretically increases positive emotions. For example, studies by Northouse and colleagues 
included components focused on increasing hope through psycho-education, and serenity 
through meditation (2005; 2014). Positive psychology interventions have been developed and 
tested in generally healthy adults (Galante et al., 2014; Sin & Lyubomirsky, 2009), but not well 
tested in the unique situation that is caregiving. However, notably from Chapter 3, the two 
caregivers who had “negatively sloped” symptom trends (e.g., decreasing experiences of stress 
related symptoms) described having positive emotions throughout the transplant experience, and 
reported feeling more confident, proud, grateful, and joyful when caring for the patient. This 
dissertation indicated that caregivers of allogeneic BMT recipients do experience positive 
emotions similar to caregivers of patients with HIV (Folkman & Moskowitz, 2000). Utilizing 
positive psychology interventions aimed at teaching caregivers to prioritize moments of 
positivity, and increasing experiences of positive emotions could reduce depression and anxiety 
symptoms (Galante et al., 2014; Sin & Lyubomirsky, 2009). Interventions could be used to 
increase positive emotions that are already experienced like day-to-day gratitude and peace.  
In addition to increasing opportunities for positive emotions, reducing experiences of 
negative emotions may also improve caregiver experiences. In our study, caregivers’ negative 
 
 165 
emotions often occurred in response to logistical frustrations (e.g., pharmacy not having 
medications ready, long wait times at clinic, and having to repeat information to multiple clinics 
at the hospital), during emergent situations, and as a result of not knowing what to expect. 
Although negative emotions cannot be completely removed, organizational restructuring and 
hospital level interventions may reduce the chances of experiencing preventable negative 
emotions.  
In contrast to increasing opportunities for positive emotions and reducing opportunities 
for negative emotions, we also suggest that caregivers’ health might also be improved by 
teaching caregivers to accept their emotions whether they be negative or positive. In Chapter 3, 
nine of eleven caregivers described “trying to stay positive” even when there was not a lot of 
positives or acting more positive around the patient. This finding suggested that caregivers may 
be at risk for experiencing what mainstream media has termed “toxic positivity” or the mindset 
that no matter how bad a situation is, one should stay positive and act positive.  Moreover, our 
qualitative findings were consistent with social psychology research demonstrating that in some 
cases suppressing negative emotions was linked to subsequent anxiety and depression symptoms 
and lower relationship quality (Gross & Levenson, 1997; Winterheld, 2017).  For example, one 
participant described in several interviews that she would hold back negative emotions until 
alone, but once alone would cry. This caregiver also frequently described feeling sad even in the 
patient’s presence. Interventions focused on mindfulness may be useful in reducing toxic 
positivity and accepting their emotions (Rodrigues et al., 2017).  
Strengths and Limitations of Dissertation 
Strengths 
This dissertation had two primary strengths: rigor and innovation. First, this dissertation 
was rigorously conducted and followed best practices in theory synthesis, qualitative research, 
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and network analysis. In Chapter 2, we utilized rigorous systematic review procedures to 
compile evidence on chronic stress responses and positive emotions in caregiving for a patient 
with advanced cancer on intensive treatment. In Chapter 3, we conducted a case-oriented 
primary data study in which we rigorously analyzed data from 38 interviews (eleven caregivers) 
such that more than 20 percent of the qualitative interviews were coded by a second reviewer. In 
Chapters 3 and 4 we utilized rigorously tested measurement tools to collect survey data on our 
variables of interest (e.g., emotions, stress, anxiety, depression, fatigue, sleep disturbance). 
Specifically, we utilized person reported outcomes measurement information system measures as 
available, common data elements recommended by the National Institutes of Health National 
Institute of Nursing Research, and rigorously tested measurement tools when the PROMIS and 
NIH NINR tools were unavailable. 
Second, this dissertation was innovative in methodological design and analysis methods 
utilized. Our study was the first to longitudinally follow caregivers’ weekly experiences just 
before transplant, during initial inpatient hospitalization after transplant, and after discharge. Our 
multi-method longitudinal design presented a holistic examination of what it means to be a 
caregiver of an allogeneic BMT recipient, underlying mechanisms in stress response and positive 
emotions, and biological indicators of stress response. From our primary data findings in 
Chapter’s 3 and 4, we were able to identify typical trends in stress related symptoms, and 
specific time points that caregivers experienced more symptoms. This finding would not have 
been possible without a longitudinal design. In addition, the case-oriented analysis used in 
Chapter 3 allowed for an in-depth examination of the experiences of eleven caregivers. This 
enabled us to examine unique contextual factors, day-to-day caregiving experiences, 
psychological responses, a variety of patient trajectories (no complications, ICU stay, and patient 
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death), and caregiver stress related symptom trends. In Chapter 4 we utilized psychopathology 
symptom network analysis, which is a novel analytic method to examine relationships between 
multiple symptoms. Our utilization of network analysis enabled us to generate several 
hypotheses about the dynamic experience of stress related symptoms.  
Limitations 
 Despite the aforementioned strengths of the dissertation, there were several limitations 
including but not limited to potential bias in Chapter 3, small sample size in Chapter 4, 
disruptions in data collection due to COVID-19 for Chapters 3 and 4, and lack of clinically 
significant findings in Chapter’s 3 and 4. As a nurse, there was the potential that caregivers in the 
study relayed information to me that they believed was important, and may have also presented 
their experiences in a better light than if they had been interviewed by a lay person. Moreover, 
most participants assumed that I had some knowledge of the transplant process and thus often 
reported that things were going “as expected”. Efforts were made to ask participants to say what 
they meant by “as expected” in their own words so that assumptions could be avoided.  
 Moreover, the sample size of 11 caregivers was small for the primary data portion of this 
dissertation. In Chapter 3, the small sample was appropriate because of the case-oriented 
approach to data analysis. However, in Chapter 4 the sample size was a limitation when 
conducting the network analysis. It is likely that the small sample size limited the network 
stabilities, which means that the networks may not reflect the true relationships between 
symptoms and may not be replicable. This can be improved by increasing the sample size and 
reducing the number of nodes. Because the available population of caregivers was small 
(approximately 70), we chose to reduce the number of nodes by sub-scoring domains, but note 
that doing so could have presented bias, and that when possible measurement items should be 
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analyzed separately. We note that sample size limitations mean that we can only generate 
hypotheses from the exploratory network analysis and not definite findings.  
In addition to sample size limitations, caregivers in our study reported relatively low 
levels of stress related symptoms (anxiety, depression, fatigue, and sleep disturbance), However, 
the clinically significant threshold for stress related symptoms in caregivers is unknown. Because 
we do not know what is clinically significant, Chapter 3 findings are limited to observable 
trends. Despite reporting low levels of stress related symptoms on the PROMIS-29 survey, 
caregivers verbally reported stress related symptoms during interviews throughout the study.  
Last, we experienced disruptions in data collection related to the COVID-19 pandemic during the 
primary data collection for Chapter’s 3 and 4. Procedural changes were made to accommodate 
the needs of participants and IRB requirement to stop all in person data collection. Data 
collection for three participants was affected. We note that interviews conducted during this time 
may have been of poorer quality due to the utilization of telephone interviewing. Moreover, 
biological data could not be completed for these three participants which limited the biological 
findings in Chapter 3. The COVID-19 pandemic also presented potential bias related to increased 
worry and anxiety about COVID-19 infection on top of other infections that the patient could 
acquire.  
Implications 
Based on our findings, evidence from the broader literature on caregiving, positive 
psychology, study strengths and limitations, we next summarize implications for research, 
practice, and policy.  
Summary of Implications for Research 
 Future research conducted on caregivers of patients with advanced cancer and more 
specifically recipients of allogeneic BMT should take into consideration timing of data collection 
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such that data is collected before transplant and at multiple timepoints that include during initial 
hospitalization and after discharge from the hospital. More longitudinally designed studies are 
needed to better understand trajectories of caregiver experience and to identify potential risk and 
protective factors for stress related health outcomes over time. Moreover, there is a scarcity of 
caregiver reported health outcomes measurement tools, and poor understanding of clinically 
significant cutoffs for existing measures. Future research would also benefit from studies on 
other types of caregivers of chronically ill patients to determine what types of caregiving creates 
the greatest amounts of caregiving related stress and at what points during the caregiving 
experience.  Lastly, future research should pay particular attention to caregivers who may be 
uniquely at risk: emerging adult caregivers and those who identify as URM.  
Summary of Implications for Practice 
In alignment with implications for research, we also recommend that clinicians take into 
consideration the systematic factors that make allogeneic BMT a less likely option for URM, for 
example possible financial instability and competing demands that resulted from a history of 
oppression (Clay et al., 2015). Moreover, our findings highlight the need for caregiver distress 
screening throughout cancer continuum (diagnosis, initial treatment, before transplant, after 
transplant, long-term after transplant if patient has long lasting side effects, and after 
bereavement). We note that general practice is to screen before transplant to ensure the patient 
has a suitable caregiver, but this is not enough. In addition to distress screening, practice changes 
that reduce caregivers’ experiences of negative emotions are needed. These changes include but 
are not limited to: improving parking experiences; improving efficiency of clinic visits so that 
efforts are not repeated; and reducing wait times. Lastly, we note that clear and honest 
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communication about expectations of treatment survival and recovery can also reduce negative 
emotions experienced.  
Summary of Implications for Policy 
 The findings of this dissertation have implications for policy at the hospital organization 
and state/federal levels. First, policies on caregiver distress screening within the hospital 
organization must be put in place so that clinicians are expected to screen for caregivers at 
highest risk for poor stress related health outcomes. Part of this policy change also requires 
financial support for mechanisms to provide care to caregivers experiencing poor health. In 
addition, there are no mechanisms in place to integrate caregivers into the health system so that 
their care is reimbursable through insurance and so that caregivers can be consistently followed 
during the duration of the patient’s treatment.  
Countries like Australia and the United Kingdom have already put national policies in 
place that provide financial support to caregivers, such that caregiving is treated like an hourly 
wage job. National policies like these can reduce financial burdens by providing supplemental 
income to caregivers who need to reduce their primary work hours. In addition, paid family 
medical leaves of absences have time limits, that once over leave caregivers without financial 
support to continue caring for chronically ill patients. Policy changes are needed systemically to 
better support caregivers who will increasingly be utilized in the care of patients with chronic 
illnesses. 
Future Research 
This dissertation is the first step in research life and the foundation for my future work on 
caregivers. In alignment with the dissertation findings and discussion presented in this Chapter, I 
plan to conduct several studies in my next two years as a post-doctoral fellow. First, I plan to 
expand my work to caregivers of patients with any advanced cancer, with a sub focus on 
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emerging adult caregivers. Second, I intend to conduct research to begin developing a positive 
psychology intervention focused on increasing caregivers’ day-to-day experiences of positive 
emotions (e.g., gratitude, interest, and serenity) and reducing negative emotion experiences. 
Finally, I plan to conduct stake holder engaged research to ascertain most appropriate 
mechanisms of intervention delivery, integration of the intervention into existing support 
systems, and insight into what intervention delivery modes and timing caregivers prefer.  
Conclusion 
Caregiving for a person with advanced cancer is a uniquely stressful situation that 
impacts more than 3 million individuals in the US. As the population of individuals requiring 
care increases as a result of the aging baby boomer population, increased survival years of 
patients with cancer and health care delivery changes, caregivers will be even more utilized than 
before. This dissertation highlights caregivers of allogeneic BMT recipients as an exemplar 
population of intense and long-lasting caregiving. The health of these essential caregivers must 
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• Cancer caregivers had the highest percentage of chronic disease (60%), 
took an occasional psychotropic (30%), smokers (20%),  
• Cancer Caregivers had higher PSS, STAI, and VASS scores than non-
caregivers 
• No significant differences in neuro-biological components 
• No significant differences in immunologic biomarkers  
• No significant differences In metabolic markers 
Bevans 2016 Documenting stress in 
caregivers of 
transplantation patients: 






• No significant changes over time for burden, stress, anxiety and depression. 
Burden correlated with perceived stress. 
• No significant relationship between stress and cortisol. Significant inverse 
relationship between perceived stress and epinephrine.  
• No significant relationship between perceived stress and caregiver burden 
and IL-6 and TNF alpha 
• IL-6 remained stable over time. TNF-alpha levels lower at time 2 compared 
to time 1 
Dhruva 2015 Cytokine gene 
associations with self-
report ratings of 
morning and evening 
fatigue in oncology 







• IL4 genotype rare G allele - 70% decrease in odds of belonging to high 
fatigue group. TNFA rare C allele - 3.75-fold increase in odds belonging to 
higher evening fatigue group 
Laudenslager 
2015 
A randomized control 
trial of a psychosocial 
intervention for 
caregivers of allogeneic 
hematopoietic stem cell 
transplant patients: 
effects on distress 
RCT 148 Allo-HSCT 
patients 
• Distress is commonly reported in caregivers. Stress management 
intervention was effective at reducing stress, depression, and anxiety.  
• No difference I CAR between non-caregivers and caregiver. CAR did not 
change as a result of intervention. 




A pilot study evaluating 
the effect of 
mindfulness-based 
stress reduction on 
psychological status, 








• No control group, pilot study testing feasibility of intervention and data 
collection procedures 
• Reductions in cortisol over the 6 week MBSR-C program. 
• Inconsistent changes in IL-6; overall reduction in IL6 pre to post MBSR-C 
• Overall reduction in physical, psychological, depression and anxiety scores 





patients and their 
caregivers 
• No analysis completed examining relationships between stress and 
physiological markers.  
 
Li 2017 Cytokines and 
depression in cancer 
patients and caregivers 
Cross-
sectional 
26 GI and Lung • Caregivers had higher than screening cutoff score of 7 on Mean GRID 
Ham-D scores. Caregivers had higher Ham-Dep subfactor score than 
patients 
• Ham-som: negative association with IL-2, positive association with ratios 
of TNF-alpha: IL-4 and IL-6:IL-4. 
• Ham-dep: negative association with IL-17 
• Age had a small significant effect on relationship between Ham-Dep and 
IL-17 
 
Lucini 2008 Evidence of autonomic 
dysregulation in 
otherwise healthy 
cancer caregiver: A 
possible link with 
health hazard 
Observational 
study (In lab) 
58 Breast, GI, 
prostate, 
lung, ovarian 
• Significant correlations: >>between stress perception and 4S-Q, control 
perception, QOL (physical, work, sleep);>>between tiredness perception 
and 4S-Q, QOL (physical, work, sleep); >>between 4S-Q and perception 
control, QOL (psychological, physical, work, sleep) 




Miller 2014 Greater inflammatory 
activity and blunted 
glucocorticoid signaling 





33 Brain • Caregivers had higher levels of perceived stress and higher levels of 
depressive symptoms 
• Caregivers exhibited significant upregulation of genes containing response 
elements from Early Growth Response Protein, CREB/ATF response 
elements. Upregulated genes were predominately expressed by of highly 
inflammatory CD14+/16- immature monocytes.  
• No significant differences between caregivers and controls for 
glucocorticoid sensitivity.  
• No differences between caregivers and controls for cortisol awakening 
response, diurnal rhythm, or total daily output; no differences between 
caregivers and controls for CRP 
• caregiving is associated with a transcriptional profile characterized by 






investigation into head 




32 Head and 
Neck 
• Diurnal cortisol rhythm predicted by schedule burden at T1, caregiver 
overall QOL and care-recipient QOL at T2 
• Cortisol slope is significant flatter at T2 compared to T1 
Pawl 2013 Sleep loss and its 
effects on health of 




133 Brain • Full time and part time employment correlated with depressive symptoms 




primary malignant brain 
tumors 
• IL1ra levels correlated with caregiver age and comorbidities, IL-6 
correlated with age; Caregiver physical health negatively correlated with 
care recipient physical functioning and caregiver comorbidities 
• Fatigue positively correlated with smoking status, negative correlated with 
anxiety and total sleep time. Fatigue predicted by care recipient physical 
functioning; and total sleep time 
• Social support positively correlated with sleep quality, negatively 
correlated with total sleep time; Total sleep time predicted social support.  
• Positive correlation between depression and anxiety and smoking status. 
Spirituality positively correlated with sleep quality and negatively with 
anxiety. No significant predictors of depression 
Pinar 2015 Back massage to 
decrease state anxiety, 
cortisol level, blood 
pressure, heart rate and 
increase sleep quality in 
family caregivers of 
patients with cancer: A 
randomized controlled 
trial 
RCT 44 Not 
specified 
• Massage decreased cortisol level, anxiety scores, BP and HR. No 
significant change in control group 
• No significant change in sleep quality  
Rohdler 
2009 
Biologic cost of caring 
for a cancer patient: 





18 Brain • Compared to controls, caregivers had significantly trajectories in 
expression of NFkB expression pathways (decreased in caregivers);   
• At study entry caregivers and controls differed in anti-inflammatory 
signaling pathways (GR-a, GR-b), GR-a: GR-b ratio declined in caregivers 
• Caregiver leukocytes had declining glucocorticoid sensitivity over time 
compared to caregivers who remained relatively stable. 
• Significant association with IL-1ra and IL-6 for age, hypertension and 
BMI, and gender for IL-1ra (women more likely to be in high IL-1ra 
group-potentially due to genetic polymorphism) 
• Two distinct groups of caregivers: those with persistently low and those 
with persistently high cytokine levels. Regardless of group levels remain 
relatively stable across time. Findings may suggest that distress does not 
increase or decrease overtime, cytokine levels may not be driven by factors 
associated with caregiving 
• Compared to controls caregivers had more perceived stress across all study 
time points, more depressed mood. 
• Compared to controls, caregivers had declining alpha amylase secretion 
across all study time points (alpha amylase remained stable for controls) 
• Compared to controls, caregivers had increasing CRP across time points 
(controls decreased slightly); No significant differences between control 











108 Brain • Caregivers with high BMI and older more likely to be in high il-6 group. In 
younger caregivers, lower self-esteem was associated with IL-6 group.  
• For men, anxiety was associated with increased risk of being in high IL-
01ra group. Anxiety did not influence group membership for women.  
• Caregivers with BMI less than 25 were less likely to be in high il-1ra group 
when they had schedule disruptions. High BMI and schedule disruptions 
were more likely to be in high il-1ra group>>may suggest that healthy BMI 




symptoms and blunted 
diurnal cortisol 
production in partners 




19 Prostate • All 13 PC partners met subthreshold PTSD criteria. 3 partners met criteria 
for major depressive episode. Later stage diagnosis associated with more 
CESD depression and perceived stress 
• No difference in CAR between caregivers and controls.  
• Women partners with at least subthreshold PTSD had lower cortisol 
production than those with no PTSD symptoms. Caregiver status effect on 
cortisol not significant when PTSD considered.  
• Caregivers had lower cortisol production than controls when controlling for 
depressive symptoms 





n= Cancer type Key Findings 
Applebaum 
2018 











• Feasibility testing of a meaning-based intervention 
• As a result of intervention, benefit finding increased significant post 
intervention (targeting meaning making); no other measures had significant 
differences 
• Small sample size, under powered 
• Depression and anxiety decreased (not statistically significant) 
Cassidy 
2013 
Benefit finding through 




842 Unspecified • Significant correlations between all variables except between self-efficacy 
and psychological distress 
• Benefit finding is significantly negatively correlated with perceived stress 
and psychological distress 
• Benefit finding more likely to occur with increased social support, 
resilience, optimism and self-efficacy 
• Benefit finding not related to anxiety, global distress, and quality of life 
• Overlap: Stress perceived burden scale; perceived stress scale 
Cooper 2006 Development and initial 
validation of a family 








• Positive affect negatively correlated with caregiver strain, distress; 
positively correlated with positive caregiving 
• family well-being negatively associated with negative affect 
• family relationship index positively correlated with positive appraisal of 
caregiving; negatively correlated with caregiver strain, distress 





Fife 2013 Partner interdependence 
and coping with life-
threatening illness: The 






• Analysis focused on negative affect 
• Dyadic coping positively associated with dyadic adjustment 
 
Fitzell 2010 Application of a stress 
and coping model to 
positive and negative 







• Positive affect positively correlated with social support, challenge 
appraisal, control appraisal, religious coping, social support seeking, humor 
• Positive affect negatively correlated with stress appraisal, avoidance 
coping, substance use coping 
• Positive states of mind positively associated with social support, control 
appraisal; negatively associated with stress appraisal, problem solving 
coping, avoidance coping, and substance use coping 
• Health positively associated with social support, control appraisal; 
negatively associated with stress appraisal, substance use, avoidance 
coping 
Han 2014 Coping styles and social 
support among 
depressed Chinese 






301 Late stage 
Esophageal 
• Male caregivers use problem solving and adaptive coping styles more than 
females.  
• Emotion focused coping correlated with social support, depression, and 
maladaptive coping style 
• Correlations significant between coping, social support and depression. 
 
Harvey 2018 The Impact of Written 
Emotional Disclosure 
on Cancer Caregivers' 
Perceptions of Burden, 





• Decreased depression from pre to post intervention (.24 greater reduction) 
• Those with higher depression pre-intervention benefited more from 
intervention 
• Lower burden scores post intervention across all groups 
• Time management group had larger reductions in stress 
Hou 2018 Do concordances of 
social support and 
relationship quality 
predict psychological 
distress and well-being 




83 GI, lung, 
liver 
• Emotional support and positive affect positively associated 
• "Authors suggest: at higher levels of emotional support provision, 
caregivers may turn out to experience more positive emotions if patients 
acknowledge receiving similar levels of emotional support" 
Kang 2013 Factors moderating the 
mutual impact of 
benefit finding between 
Chinese patients with 








• higher odds for better appreciation for others, meaning in life if older 
• men had lower odds of reporting appreciation for other or reprioritization 
• Religious affiliation associated with increased odds of mastery and 




Langer 2007 Protective buffering and 
emotional desynchrony 
among spousal 







• No difference in presence or absence of patient during emotional 
expression task 
• Facial protective buffering in terms of emotional desynchrony (facial 
expression not matching self-report) 
• Facial protective buffering unrelated to health outcomes. 
Li 2015 A couple-based 
complex intervention 
for Chinese spousal 
caregivers and their 
partners with advanced 
cancer: an intervention 
study 
RCT 117 GI, lung, 
urogenital, 
other 
• 4 C's program intervention (Caring for couples coping with cancer) 
• As a result of intervention, caregivers had increased self-efficacy, improved 
communication, better coping, physical and psychological health 
• Intervention also increased positive emotions on benefit findings 
• 4Cs program focuses on psycho-education, skills training, cognitive 
behavioral therapy 
Li 2018 Factors moderating the 
mutual impact of 
benefit finding between 
Chinese patients with 









• Moderate correlation between benefit finding and anxiety and depression. 
More benefit finding related to less anxiety and depression 




Program for Patients 
With Advanced Lung 
Cancer and Their 
Family Caregivers. 
Pilot RCT 15 Stage III 
Lung 
• Intervention related to decrease in anxiety, mental health quality of life, 
sleep disturbances; increases in benefit finding and spiritual well-being 




Effects of family 
intervention on the 
quality of life of women 
with recurrent breast 
cancer and their family 
caregivers  
RCT 134 Advanced 
breast cancer 
• No significant differences in intervention and control group for quality of 
life 
• Intervention decreased hopelessness 
• Intervention decreased negative appraisal of caregiving 
• Multi-component intervention: Family involvement, optimistic attitude, 








patients and their family 
caregivers  





• Brief FOCUS intervention: significant decrease in avoidant coping at 3 and 
6 months, increase in healthy behaviors at 3 months, increase in emotional 
quality of life at 3 and 6 months 
• Extensive FOCUS Intervention: significant decreased in avoidant coping at 
3 months 
• Increase in self-efficacy at 3 months and emotional quality of life 3 and 6 
months 
• No effect on appraisal variables 
Northouse 
2014 
A tailored web-based 
psychoeducational 
intervention for cancer 
patients and their family 
caregivers  





• Significant decreases in emotional distress, anger-hostility, and fatigue-
inertia. 
• Significant increases in overall QOL, physical QOL, functional QOL, and 
perceived benefits of caregiving 





Reblin 2018 Mediating burden and 
stress over time: 
Caregivers of patients 







• Initial levels of burden at diagnosis are associated with later reduced social 
support and later distress 
• Greater burden at diagnosis associated with lower social support at 4 
months and increased depressive symptoms at 8 months 
• Greater burden at diagnosis associated with lower social support at 4 
months and increased anxiety at 8 months 
Reblin 2019 Communication of 
emotion in home 
hospice cancer care: 








• Greater frequency of caregiver positive emotion talk is associated with 
lower levels of depressive symptoms and lower anxiety 
• High positive emotion expression and lower anxiety at any time point 
associated with lower depression 
Son 2012 The factors associated 
with the quality of life 
of the spouse caregivers 
of patients with cancer: 






• Purpose and meaning associated with QOL and positive adaptation 
• Gaining comfort from faith not associated with QOL; gaining comfort 
(removing religion from model) associated with positive adaptation 
• Family functioning positively correlated with QOL 
Tan 2015 Caring for the caregiver 
while caring for the 










• Meaning making predicts resilience and optimism (higher meaning making 
>> higher resilience and optimism 




caregiving benefits, and 
psychological distress 
of husbands of breast 
cancer patients during 
treatment and beyond  
Longitudinal-
Descriptive 
40 Breast  • No significant associations between PACS and outcome variables 
• Caregiving responsibilities low at baseline 
Walsh 2004 Testing the Efficacy of 
a Creative-Arts 
Intervention With 
Family Caregivers of 
Patients With Cancer 
Pilot RCT 40 Various 
advanced 




APPENDIX 3.1: SEMI-STRUCTURED INTERVIEW GUIDE 
Baseline Interview Guide 
Thank you for agreeing to talk with me today. Again, at any time you wish to stop the 
interview you may do so without penalty. If you would like to pause the recording at any time 
you may physically do so or ask me to stop the recording.  
 
(Icebreaker) You just completed a survey about caregiving for [the patient], I’d like to hear 
about what that was like for you. Is there anything you’d like to tell me about the survey? 
 
In the time before [the patient] was diagnosed with cancer, what was your relationship like 
with [the patient] before you became their caregiver? 
Probe: Have things changed since you became their caregiver? 
You identified ___ as a positive emotion you felt in the last week- what stirred this emotion?  
Probe: Do memories of this event and the positive emotion help you when things aren’t 
going so well? How? 
Probe: Did this emotion lead to anything? (e.g. To seek out resources) 
You identified ____ as an emotion you felt in the last week-what stirred this emotion? 
Probe: Did this emotion lead to anything?  
What are your strengths as a caregiver? 
Up until this point, what has been the most rewarding part caring for [the patient]? 
 
This is the end of the interview. Is there anything else you would like me to know about your 
experience being a caregiver? 
 
Week 4, 8, and 12 Interview Guide 
Thank you for agreeing to talk with me today. Again, at any time you wish to stop the 
interview you may do so without penalty. If you would like to pause the recording at any time 
you may physically do so or ask me to stop the recording.  
 
Since the last interview, how have your interactions with the patient gone in the last week? 
Have these interactions changed since the last time we talked? 
You identified ___ as a positive emotion you felt in the last week- what stirred this emotion?  
Probe: Do memories of this event and the positive emotion help you when things aren’t 
going so well? How? 
Probe: Did this emotion lead to anything? 
You identified ____ as an emotion you felt in the last week-what stirred this emotion? 
Probe: Did this emotion lead to anything? 
Since our last interview, have your strengths as a caregiver changed?  If so, how? 
Since our last interview, what has been the most rewarding part caring for [the patient]? 
 
This is the end of the interview. Is there anything else you would like me to know about your 





APPENDIX 4.1: R CODE 










#Import Raw Data# 
TanDissPostAlt <- read_sas("~/Desktop/ACADEMIC/TanDissertationR/netpostalt.sas7bdat") 
TanDissPreAlt <- read_sas("~/Desktop/ACADEMIC/TanDissertationR/netprealt.sas7bdat") 
data <-  read.csv("~/Desktop/ACADEMIC/TanDissertationR/RAW_DATA.csv") 
##subset pre-post discharge data# 
PreAlt <- select(TanDissPreAlt, POSEM, NEGEM, PN_SLEEP, PN_FAT, PN_DEP, PN_ANX) 
PreAlt <- PreAlt %>% 
  rename ( PE=POSEM, NE=NEGEM, Anx=PN_ANX, Dep=PN_DEP, Ftg=PN_FAT, SlpDis=PN_SLEEP) 
PostAlt <- select(TanDissPostAlt, POSEM, NEGEM, PN_SLEEP, PN_FAT, PN_DEP, PN_ANX) 
PostAlt <- PostAlt %>%   
  rename ( PE=POSEM, NE=NEGEM, Anx=PN_ANX, Dep=PN_DEP, Ftg=PN_FAT, SlpDis=PN_SLEEP) 
 
 
#------------------------Data Manipulation for Weekly Network Analysis--------------------------------#### 
#Reverse coding for Sleep disturbance# 
    data$sleep1r <- (5-data$pn_sleep_1) 
    data$sleep2r <- (5-data$pn_sleep_2) 
##Subset select data columns for each subscored emotion or symptom)# 
    posem <- (select (data, 43, 46, 50, 53, 54, 55, 56, 57, 58, 61)) 
    negem <- (select( data, 44, 45, 47, 48, 49, 51, 52, 59, 60, 62)) 
    pnanx <- (select(data, 113, 114, 115, 116)) 
    pndep <- (select(data, 117, 118, 119, 120)) 
    pnfat <- (select(data, 121, 122, 123, 124)) 
    pnsleep <- (select(data,127, 128, 175, 176)) 
##Calculate subscores emotion sums, symptom means# 
    data$PE <- (rowSums(posem)) 
    data$NE <- (rowSums(negem)) 
    data$Anx <- (rowMeans(pnanx)) 
    data$Dep <- (rowMeans(pndep)) 
    data$Ftg <- (rowMeans(pnfat)) 
    data$SlpDis <- (rowMeans(pnsleep)) 
     
     
    data.df <- data.frame(data) 
     
 
##subset weekly data# 
    Base <- subset(data.df, redcap_event_name=='Baseline') 
    W1 <- subset(data.df, redcap_event_name=='Week 1') 
    W2 <- subset(data.df, redcap_event_name=='Week 2') 
    W3 <- subset(data.df, redcap_event_name=='Week 3') 
    W4 <- subset(data.df, redcap_event_name=='Week 4') 
    W5 <- subset(data.df, redcap_event_name=='Week 5') 
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    W6 <- subset(data.df, redcap_event_name=='Week 6') 
    W7 <- subset(data.df, redcap_event_name=='Week 7') 
    W8 <- subset(data.df, redcap_event_name=='Week 8') 
    W9 <- subset(data.df, redcap_event_name=='Week 9') 
    W10 <- subset(data.df, redcap_event_name=='Week 10') 
    W11 <- subset(data.df, redcap_event_name=='Week 11') 
    W12 <- subset(data.df, redcap_event_name=='Week 12') 
##Select Variables for weekly Network######### 
    BaseNet <-select(Base, PE, NE, Anx, Dep, Ftg, SlpDis) 
    W1Net <-select(W1, PE, NE, Anx, Dep, Ftg, SlpDis) 
    W2Net <-select(W2, PE, NE, Anx, Dep, Ftg, SlpDis) 
    W3Net <-select(W3, PE, NE, Anx, Dep, Ftg, SlpDis) 
    W4Net <-select(W4, PE, NE, Anx, Dep, Ftg, SlpDis) 
    W5Net <-select(W5, PE, NE, Anx, Dep, Ftg, SlpDis) 
    W6Net <-select(W6, PE, NE, Anx, Dep, Ftg, SlpDis) 
    W7Net <-select(W7, PE, NE, Anx, Dep, Ftg, SlpDis) 
    W8Net <-select(W8, PE, NE, Anx, Dep, Ftg, SlpDis) 
    W9Net <-select(W9, PE, NE, Anx, Dep, Ftg, SlpDis) 
    W10Net  <-select(W10, PE, NE, Anx, Dep, Ftg, SlpDis) 
    W11Net  <-select(W11, PE, NE, Anx, Dep, Ftg, SlpDis) 
    W12Net  <-select(W12, PE, NE, Anx, Dep, Ftg, SlpDis) 
     
 
#--------------------PRE POST DISCHARGE EXPLORATORY NETWORK ANALYSIS-------------------------#### 
#estimate pre discharge network#       
    corMatPreAlt <- cor_auto(PreAlt) 
    ResultPre <- estimateNetwork(PreAlt, default ="pcor") 
#estimate alternative post discharge etwork#       
    corMatPostAlt<- cor_auto(PostAlt) 
    ResultPost <- estimateNetwork (PostAlt, default = "pcor") 
#Obtain weights matrices# 
    ResultPre$graph 
    ResultPost$graph 
#Make plots prettier# 
    L2<-averageLayout(ResultPre, ResultPost) 
    Max2 <- max(abs(c(getWmat(ResultPre),getWmat(ResultPost)))) 
#Plot estimated networks 
plot(ResultPre, layout = L2,  label.scale.equal=TRUE, theme="classic", label.cex=1.25, cut = 0, title = 
"Pre-discharge partial correlation network",  maximum  =Max2) 
 plot(ResultPost, layout = L2,  label.scale.equal=TRUE, theme="classic", label.cex=1.25 , cut = 0, title = 




    centralityPlot(ResultPre) 
    centralityPlot(ResultPost) 
    centralityTable(ResultPre) 
    centralityTable(ResultPost) 
##Bootstrapping 
    BootPreEdge <-bootnet(ResultPre,nboots=100, nCores=8) 
    BootPostEdge <-bootnet(ResultPost,nboots=100, nCores=8) 
##Plot accuracy 
    plot(BootPreEdge, labels = F, order = "sample" ) 
    plot(BootPostEdge, labels = F, order = "sample" ) 
##Plot edge difference 
    plot(BootPreEdge,  plot = "difference", onlyNonZero= TRUE,order = "sample") 
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  ###Perform booststrap through case-dropping# 
    BootPreCent <-bootnet (ResultPre, nBoots = 100, type = "case",   
                           nCores = 8, statistics=c("closeness", "betweenness", "strength")) 
    BootPostCent <-bootnet (ResultPost, nBoots = 100, type = "case",   
                          nCores = 8, statistics=c("closeness", "betweenness", "strength")) 
 
 
  ###Plot centrality statistics 
    plot(BootPreCent, statistics = c("strength","betweenness","closeness")) 
    plot(BootPostCent, statistics = c("strength","betweenness","closeness")) 
  ###Bootstrapping centrality of strength only# 
    BootPreCentS <-bootnet (ResultPre, nboots = 100, type = "person", nCores=8, statistic = c("strength")) 
    BootPostCentS <-bootnet (ResultPost, nboots = 100, type = "person", nCores=8, statistic = c("strength")) 
  ###Centrality Stability# 
    CentStabilityS <- data.frame ("event" = c("Pre", "Post"),  
                    "CS" = c(corStability(BootPreCentS), corStability(BootPostCentS))) 
 
 
#---------- WEEKLY EXPLORATORY NETWORK ANALYSIS -------------------------------------#### 
  ##Weekly networks and centrality plots## 
      CorMatrixB <- cor_auto(BaseNet) 
      ResultBase <- estimateNetwork(BaseNet, default = "pcor") 
      ResultBase$graph 
      centralityPlot(ResultBase) 
       
      CorMatrixW1 <-cor_auto(W1Net) 
      ResultW1 <- estimateNetwork(W1Net, default = "pcor") 
      ResultW1$graph 
      centralityPlot(ResultW1) 
       
      CorMatrixW2 <-cor_auto(W2Net) 
      ResultW2 <- estimateNetwork(W2Net, default = "pcor") 
      ResultW2$graph 
      centralityPlot(ResultW2) 
       
      CorMatrixW3 <-cor_auto(W3Net) 
      ResultW3 <- estimateNetwork(W3Net, default = "pcor") 
      ResultW3$graph 
      centralityPlot(ResultW3) 
       
      CorMatrixW4 <-cor_auto(W4Net) 
      ResultW4 <- estimateNetwork(W4Net, default = "pcor") 
      ResultW4$graph 
      centralityPlot(ResultW4) 
       
      CorMatrixW5 <-cor_auto(W5Net) 
      ResultW5 <- estimateNetwork(W5Net, default = "pcor") 
      ResultW5$graph 
      centralityPlot(ResultW5) 
       
      CorMatrixW6 <-cor_auto(W6Net) 
      ResultW6 <- estimateNetwork(W6Net, default = "pcor") 
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      ResultW6$graph 
      centralityPlot(ResultW6) 
       
      CorMatrixW7 <-cor_auto(W7Net) 
      ResultW7 <- estimateNetwork(W7Net, default = "pcor") 
      ResultW7$graph 
      centralityPlot(ResultW7) 
       
      CorMatrixW8 <-cor_auto(W8Net) 
      ResultW8 <- estimateNetwork(W8Net, default = "pcor") 
      ResultW8$graph 
      centralityPlot(ResultW8) 
       
      CorMatrixW9 <-cor_auto(W9Net) 
      ResultW9 <- estimateNetwork(W9Net, default = "pcor") 
      ResultW9$graph 
      centralityPlot(ResultW9) 
       
      CorMatrixW10 <-cor_auto(W10Net) 
      ResultW10 <- estimateNetwork(W10Net, default = "pcor") 
      ResultW10$graph 
      centralityPlot(ResultW10) 
       
      CorMatrixW11 <-cor_auto(W11Net) 
      ResultW11 <- estimateNetwork(W11Net, default = "pcor") 
      ResultW11$graph 
      centralityPlot(ResultW11) 
       
      CorMatrixW12 <-cor_auto(W12Net) 
      ResultW12 <- estimateNetwork(W12Net, default = "pcor") 
      ResultW12$graph 
      centralityPlot(ResultW12) 
         
  ##Make plots prettier## 
      L<-averageLayout(ResultBase, ResultW1, ResultW2, ResultW3, ResultW4, ResultW5, ResultW6,  
                       ResultW7, ResultW8, ResultW9, ResultW10, ResultW11, ResultW12) 
      Max <- max(abs(c(getWmat(ResultBase),getWmat(ResultW1),getWmat(ResultW2), 
                       getWmat(ResultW3),getWmat(ResultW4),getWmat(ResultW5),getWmat(ResultW6), 
                     getWmat(ResultW7),getWmat(ResultW8),getWmat(ResultW9),getWmat(ResultW10), 
                     getWmat(ResultW11),getWmat(ResultW12)))) 
  ##Plot networks## 
      plot(ResultBase,  layout  = L,  title ="Baseline Network", maximum  =Max , label.scale.equal=TRUE, 
theme="classic", label.cex=1.35) 
      plot(ResultW1, layout  = L,  title ="Week 1 Network",maximum  = Max, label.scale.equal=TRUE, 
theme="classic", label.cex=1.35) 
      plot(ResultW2,  layout  = L,  title ="Week 2 Network", maximum  =Max, label.scale.equal=TRUE, 
theme="classic", label.cex=1.35) 
      plot(ResultW3, layout  = L,  title ="Week 3 Network",maximum  = Max, label.scale.equal=TRUE, 
theme="classic", label.cex=1.35) 
      plot(ResultW4, layout  = L,  title ="Week 4 Network",maximum  = Max, label.scale.equal=TRUE, 
theme="classic", label.cex=1.35) 
      plot(ResultW5, layout  = L,  title ="Week 5 Network",maximum  = Max, label.scale.equal=TRUE, 
theme="classic", label.cex=1.35) 




      plot(ResultW7, layout  = L,  title ="Week 7 Network",maximum  = Max, label.scale.equal=TRUE, 
theme="classic", label.cex=1.35) 
      plot(ResultW8, layout  = L,  title ="Week 8 Network",maximum  = Max, label.scale.equal=TRUE, 
theme="classic", label.cex=1.35) 
      plot(ResultW9, layout  = L,  title ="Week 9 Network",maximum  = Max, label.scale.equal=TRUE, 
theme="classic", label.cex=1.35) 
      plot(ResultW10, layout  = L,  title ="Week 10 Network",maximum  = Max, label.scale.equal=TRUE, 
theme="classic", label.cex=1.35) 
      plot(ResultW11, layout  = L,  title ="Week 11 Network",maximum  = Max, label.scale.equal=TRUE, 
theme="classic", label.cex=1.35) 





  #Edge Weights 
    ##Perform bootstrap 
      bootBase_1<-bootnet(ResultBase,nboots=100, nCores=8 )  
      bootW1_1<-bootnet(ResultW1,nboots=100, nCores=8 )  
      bootW2_1<-bootnet(ResultW2,nboots=100, nCores=8 )  
      bootW3_1<-bootnet(ResultW3,nboots=100, nCores=8 )  
      bootW4_1<-bootnet(ResultW4,nboots=100, nCores=8 )  
      bootW5_1<-bootnet(ResultW5,nboots=100, nCores=8 )  
      bootW6_1<-bootnet(ResultW6,nboots=100, nCores=8 )    
      bootW7_1<-bootnet(ResultW7,nboots=100, nCores=8 )  
      bootW8_1<-bootnet(ResultW8,nboots=100, nCores=8 )  
      bootW9_1<-bootnet(ResultW9,nboots=100, nCores=8 )  
      bootW10_1<-bootnet(ResultW10,nboots=100, nCores=8 )  
      bootW11_1<-bootnet(ResultW11,nboots=100, nCores=8 )  
      bootW12_1<-bootnet(ResultW12,nboots=100, nCores=8 )  
     
     
    ##Plot accuracy 
      plot(bootbase_1, labels = F, order = "sample" ) 
      plot(bootW1_1, labels = F, order = "sample" ) 
      plot(bootW2_1, labels = F, order = "sample" ) 
      plot(bootW3_1, labels = F, order = "sample" ) 
      plot(bootW4_1, labels = F, order = "sample" ) 
      plot(bootW5_1, labels = F, order = "sample" ) 
      plot(bootW6_1, labels = F, order = "sample" )  
      plot(bootW7_1, labels = F, order = "sample" )  
      plot(bootW8_1, labels = F, order = "sample" )  
      plot(bootW9_1, labels = F, order = "sample" )  
      plot(bootW10_1, labels = F, order = "sample" )  
      plot(bootW11_1, labels = F, order = "sample" )  
      plot(bootW12_1, labels = F, order = "sample" )  
     
 
    ##Plot difference 
      plot(bootbase_1, plot = "difference", onlyNonZero= TRUE,order = "sample")  
      plot(bootW1_1, plot = "difference", onlyNonZero= TRUE,order = "sample")  
      plot(bootW2_1, plot = "difference", onlyNonZero= TRUE,order = "sample")  
      plot(bootW3_1, plot = "difference", onlyNonZero= TRUE,order = "sample")  
      plot(bootW4_1, plot = "difference", onlyNonZero= TRUE,order = "sample")  
      plot(bootW5_1, plot = "difference", onlyNonZero= TRUE,order = "sample")  
      plot(bootW6_1, plot = "difference", onlyNonZero= TRUE,order = "sample")  
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      plot(bootW7_1, plot = "difference", onlyNonZero= TRUE,order = "sample")  
      plot(bootW8_1, plot = "difference", onlyNonZero= TRUE,order = "sample")  
      plot(bootW9_1, plot = "difference", onlyNonZero= TRUE,order = "sample")  
      plot(bootW10_1, plot = "difference", onlyNonZero= TRUE,order = "sample")  
      plot(bootW11_1, plot = "difference", onlyNonZero= TRUE,order = "sample")  
      plot(bootW12_1, plot = "difference", onlyNonZero= TRUE,order = "sample")  
     
 
    ##Perform booststrap through case-dropping 
      bootBase_2<- bootnet(ResultBase, nBoots = 100, type = "case",   
                        nCores = 8, statistics=c("closeness", "betweenness", "strength")) 
      bootW1_2<- bootnet(ResultW1, nBoots = 100, type = "case",   
                        nCores = 8, statistics=c("closeness", "betweenness", "strength")) 
      bootW2_2<- bootnet(ResultW2, nBoots = 100, type = "case",   
                         nCores = 8, statistics=c("closeness", "betweenness", "strength")) 
      bootW3_2<- bootnet(ResultW3, nBoots = 100, type = "case",   
                         nCores = 8, statistics=c("closeness", "betweenness", "strength")) 
      bootW4_2<- bootnet(ResultW4, nBoots = 100, type = "case",   
                         nCores = 8, statistics=c("closeness", "betweenness", "strength")) 
      bootW5_2<- bootnet(ResultW5, nBoots = 100, type = "case",   
                         nCores = 8, statistics=c("closeness", "betweenness", "strength")) 
      bootW6_2<- bootnet(ResultW6, nBoots = 100, type = "case",   
                         nCores = 8, statistics=c("closeness", "betweenness", "strength")) 
      bootW7_2<- bootnet(ResultW7, nBoots = 100, type = "case",   
                         nCores = 8, statistics=c("closeness", "betweenness", "strength")) 
      bootW8_2<- bootnet(ResultW8, nBoots = 100, type = "case",   
                         nCores = 8, statistics=c("closeness", "betweenness", "strength")) 
      bootW9_2<- bootnet(ResultW9, nBoots = 100, type = "case",   
                         nCores = 8, statistics=c("closeness", "betweenness", "strength")) 
      bootW10_2<- bootnet(ResultW10, nBoots = 100, type = "case",   
                          nCores = 8, statistics=c("closeness", "betweenness", "strength")) 
      bootW11_2<- bootnet(ResultW11, nBoots = 100, type = "case",   
                          nCores = 8, statistics=c("closeness", "betweenness", "strength")) 
      bootW12_2<- bootnet(ResultW12, nBoots = 100, type = "case",   
                          nCores = 8, statistics=c("closeness", "betweenness", "strength")) 
    ##Plot centrality statistics 
      plot(bootbase_2, statistics = c("strength","betweenness","closeness")) 
      plot(bootW1_2, statistics = c("strength","betweenness","closeness")) 
      plot(bootW2_2, statistics = c("strength","betweenness","closeness")) 
      plot(bootW3_2, statistics = c("strength","betweenness","closeness")) 
      plot(bootW4_2, statistics = c("strength","betweenness","closeness")) 
      plot(bootW5_2, statistics = c("strength","betweenness","closeness")) 
      plot(bootW6_2, statistics = c("strength","betweenness","closeness")) 
      plot(bootW7_2, statistics = c("strength","betweenness","closeness"))    
      plot(bootW8_2, statistics = c("strength","betweenness","closeness")) 
      plot(bootW9_2, statistics = c("strength","betweenness","closeness")) 
      plot(bootW10_2, statistics = c("strength","betweenness","closeness")) 
      plot(bootW11_2, statistics = c("strength","betweenness","closeness")) 
      plot(bootW12_2, statistics = c("strength","betweenness","closeness")) 
 
 
    #Correlation strength Stability##### 
      bootW1_3<- bootnet(ResultW1, nBoots = 100, type = "person",   
                         nCores = 8, statistics=c("strength")) 
      bootBase_3<- bootnet(ResultBase, nBoots = 100, type = "person",   
                           nCores = 8, statistics=c("strength")) 
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      bootW2_3<- bootnet(ResultW2, nBoots = 100, type = "person",   
                         nCores = 8, statistics=c("strength")) 
      bootW3_3<- bootnet(ResultW3, nBoots = 100, type = "person",   
                         nCores = 8, statistics=c("strength")) 
      bootW4_3<- bootnet(ResultW4, nBoots = 100, type = "person",   
                         nCores = 8, statistics=c("strength")) 
      bootW5_3<- bootnet(ResultW5, nBoots = 100, type = "person",   
                         nCores = 8, statistics=c("strength")) 
      bootW6_3<- bootnet(ResultW6, nBoots = 100, type = "person",   
                         nCores = 8, statistics=c("strength")) 
      bootW7_3<- bootnet(ResultW7, nBoots = 100, type = "person",   
                         nCores = 8, statistics=c("strength")) 
      bootW8_3<- bootnet(ResultW8, nBoots = 100, type = "person",   
                         nCores = 8, statistics=c("strength")) 
      bootW9_3<- bootnet(ResultW9, nBoots = 100, type = "person",   
                         nCores = 8, statistics=c("strength")) 
      bootW10_3<- bootnet(ResultW10, nBoots = 100, type = "person",   
                          nCores = 8, statistics=c("strength")) 
      bootW11_3<- bootnet(ResultW11, nBoots = 100, type = "person",   
                          nCores = 8, statistics=c("strength")) 
      bootW12_3<- bootnet(ResultW12, nBoots = 100, type = "person",   
                        nCores = 8, statistics=c("strength")) 
     
    CorrStability <- data.frame ("event" = c("Base", "Week 1", "Week 2", "Week 3", "Week 4", "Week 5", "Week 6", 
                                             "Week 7", "Week 8", "Week 9", "Week 10", "Week 11", "Week 12"),  
                                 "CS" = c(corStability(bootBase_2), corStability(bootW1_2), corStability(bootW2_2),  
                                          corStability(bootW3_2), corStability(bootW4_2), corStability(bootW5_2),  
                                          corStability(bootW6_2), corStability(bootW7_2) , corStability(bootW8_2),  
                                          corStability(bootW9_2) , corStability(bootW10_2), corStability(bootW11_2),  




APPENDIX 4.2: TABLE OF PRE- AND POST- DISCHARGE CORRELATIONS (n= 9 
CAREGIVERS) 
Pre-Discharge 
  PE NE Anx Dep Ftg SlpDis 
PE 1.00 -0.62 -0.57 -0.73 -0.56 0.10 
NE -0.62 1.00 0.80 0.71 0.55 0.21 
Anx -0.57 0.80 1.00 0.79 0.65 0.27 
Dep -0.73 0.71 0.79 1.00 0.71 0.13 
Ftg -0.56 0.55 0.65 0.71 1.00 0.16 
SlpDis 0.10 0.21 0.27 0.13 0.16 1.00 
Post Discharge 
  PE NE Anx Dep Ftg SlpDis 
PE 1.00 -0.62 -0.71 -0.76 -0.53 0.45 
NE -0.62 1.00 0.72 0.77 0.50 -0.39 
Anx -0.71 0.72 1.00 0.81 0.64 -0.41 
Dep -0.76 0.77 0.81 1.00 0.69 -0.35 
Ftg -0.53 0.50 0.64 0.69 1.00 -0.31 
SlpDis 0.45 -0.39 -0.41 -0.35 -0.31 1.00 
PE: Positive Emotions 









APPENDIX 4.3: FIGURE OF PRE- AND POST- DISCHARGE CENTRALITY 
MEASURES STABILITY 
Lines represent the average correlation of centrality measures in each network. The centrality 






APPENDIX 4.4: FIGURE OF PRE- AND POST- DISCHARGE ACCURACY OF EDGE-
WEIGHTS AND 95% CONFIDENCE INTERVALS 




APPENDIX 4.5: PRE- AND POST- DISCHARGE EDGE-WEIGHTS DIFFERENCE 
TEST 
Bootstrapping difference tests (α = 0.05) between non-zero edge-weights. Black boxes indicate 
that represented edges do differ significantly from one another, gray boxes indicate edges that do 
not differ significantly, and colored boxes in diagonal correspond to edge colors of each network, 







APPENDIX 4.6: TABLE WEEKLY CORRELATION MATRICES (n = 8 – 11) 
Baseline (n=11) 
  PE NE Anx Dep Ftg SlpDis 
PE 1.00 -0.47 -0.48 -0.49 -0.30 -0.15 
NE -0.47 1.00 0.77 0.70 0.02 0.81 
Anx -0.48 0.77 1.00 0.63 0.48 0.89 
Dep -0.49 0.70 0.63 1.00 0.34 0.53 
Ftg -0.30 0.02 0.48 0.34 1.00 0.16 
SlpDis -0.15 0.81 0.89 0.53 0.16 1.00 
Week 1 (n=11) 
  PE NE Anx Dep Ftg SlpDis 
PE 1.00 -0.51 -0.58 -0.63 -0.76 -0.61 
NE -0.51 1.00 0.72 0.48 0.39 0.67 
Anx -0.58 0.72 1.00 0.66 0.62 0.64 
Dep -0.63 0.48 0.66 1.00 0.65 0.50 
Ftg -0.76 0.39 0.62 0.65 1.00 0.58 
SlpDis -0.61 0.67 0.64 0.50 0.58 1.00 
Week 2 (n=11) 
  PE NE Anx Dep Ftg SlpDis 
PE 1.00 -0.82 -0.75 -0.77 -0.88 -0.74 
NE -0.82 1.00 0.90 0.70 0.61 0.78 
Anx -0.75 0.90 1.00 0.71 0.62 0.71 
Dep -0.77 0.70 0.71 1.00 0.80 0.82 
Ftg -0.88 0.61 0.62 0.80 1.00 0.76 
SlpDis -0.74 0.78 0.71 0.82 0.76 1.00 
Week 3 (n=11) 
  PE NE Anx Dep Ftg SlpDis 
PE 1.00 -0.98 -0.76 -0.72 -0.54 -0.62 
NE -0.98 1.00 0.76 0.68 0.68 0.66 
Anx -0.76 0.76 1.00 0.87 0.72 0.66 
Dep -0.72 0.68 0.87 1.00 0.83 0.81 
Ftg -0.54 0.68 0.72 0.83 1.00 0.80 
SlpDis -0.62 0.66 0.66 0.81 0.80 1.00 
Week 4 (n=10) 
  PE NE Anx Dep Ftg SlpDis 
PE 1.00 -0.78 -0.54 -0.67 -0.14 -0.52 
NE -0.78 1.00 0.67 0.64 0.08 0.40 
Anx -0.54 0.67 1.00 0.74 0.38 0.54 
Dep -0.67 0.64 0.74 1.00 0.32 0.58 
Ftg -0.14 0.08 0.38 0.32 1.00 0.85 
SlpDis -0.52 0.40 0.54 0.58 0.85 1.00 
Week 5 (n=10) 
  PE NE Anx Dep Ftg SlpDis 
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PE 1.00 -0.74 -0.90 -0.87 -0.67 -0.60 
NE -0.74 1.00 0.91 0.94 0.65 0.72 
Anx -0.90 0.91 1.00 0.97 0.71 0.72 
Dep -0.87 0.94 0.97 1.00 0.75 0.70 
Ftg -0.67 0.65 0.71 0.75 1.00 0.87 
SlpDis -0.60 0.72 0.72 0.70 0.87 1.00 
Week 6 (n=10) 
  PE NE Anx Dep Ftg SlpDis 
PE 1.00 -0.83 -0.85 -0.88 -0.78 -0.81 
NE -0.83 1.00 0.78 0.92 0.66 0.67 
Anx -0.85 0.78 1.00 0.86 0.81 0.79 
Dep -0.88 0.92 0.86 1.00 0.84 0.78 
Ftg -0.78 0.66 0.81 0.84 1.00 0.91 
SlpDis -0.81 0.67 0.79 0.78 0.91 1.00 
Week 7 (n=9) 
  PE NE Anx Dep Ftg SlpDis 
PE 1.00 -0.99 -0.85 -0.87 -0.78 -0.65 
NE -0.99 1.00 0.99 0.86 0.67 0.59 
Anx -0.85 0.99 1.00 0.87 0.65 0.68 
Dep -0.87 0.86 0.87 1.00 0.73 0.76 
Ftg -0.78 0.67 0.65 0.73 1.00 0.92 
SlpDis -0.65 0.59 0.68 0.76 0.92 1.00 
Week 8 (n=9) 
  PE NE Anx Dep Ftg SlpDis 
PE 1.00 -0.50 -0.74 -0.84 -0.89 -0.81 
NE -0.50 1.00 0.66 0.66 0.44 0.44 
Anx -0.74 0.66 1.00 0.82 0.58 0.56 
Dep -0.84 0.66 0.82 1.00 0.79 0.76 
Ftg -0.89 0.44 0.58 0.79 1.00 0.95 
SlpDis -0.81 0.44 0.56 0.76 0.95 1.00 
Week 9 (n=9) 
  PE NE Anx Dep Ftg SlpDis 
PE 1.00 -0.82 -0.78 -0.92 -0.58 -0.72 
NE -0.82 1.00 0.87 0.99 0.74 0.68 
Anx -0.78 0.87 1.00 0.77 0.73 0.66 
Dep -0.92 0.99 0.77 1.00 0.72 0.87 
Ftg -0.58 0.74 0.73 0.72 1.00 0.83 
SlpDis -0.72 0.68 0.66 0.87 0.83 1.00 
Week 10 (n=9) 
  PE NE Anx Dep Ftg SlpDis 
PE 1.00 -0.44 -0.55 -0.52 -0.65 -0.59 
NE -0.44 1.00 0.66 0.64 0.82 0.84 
Anx -0.55 0.66 1.00 0.97 0.78 0.76 
Dep -0.52 0.64 0.97 1.00 0.73 0.75 
Ftg -0.65 0.82 0.78 0.73 1.00 0.92 
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SlpDis -0.59 0.84 0.76 0.75 0.92 1.00 
Week 11 (n=9) 
  PE NE Anx Dep Ftg SlpDis 
PE 1.00 -0.40 -0.73 -0.51 -0.24 -0.24 
NE -0.40 1.00 0.67 0.70 0.62 0.40 
Anx -0.73 0.67 1.00 0.82 0.58 0.49 
Dep -0.51 0.70 0.82 1.00 0.83 0.69 
Ftg -0.24 0.62 0.58 0.83 1.00 0.77 
SlpDis -0.24 0.40 0.49 0.69 0.77 1.00 
Week 12 (n=8) 
  PE NE Anx Dep Ftg SlpDis 
PE 1.00 -0.45 -0.53 -0.50 -0.18 -0.42 
NE -0.45 1.00 0.74 0.56 0.78 0.55 
Anx -0.53 0.74 1.00 0.40 0.66 0.19 
Dep -0.50 0.56 0.40 1.00 0.74 0.85 
Ftg -0.18 0.78 0.66 0.74 1.00 0.61 
SlpDis -0.42 0.55 0.19 0.85 0.61 1.00 
PE- Positive Emotions; NE-Negative Emotions; Anx-Anxiety; Dep- Depression; 





APPENDIX 4.7: FIGURES OF WEEKLY CENTRALITY INDICES STABILITY 
Lines represent the average correlation of centrality measures in each network. The centrality 
estimate is considered stable when the correlation is high after dropping a sizeable number of 
participants. 
  
Baseline Week 1 Week 2
Week 3 Week 4 Week 5 
Week 6 Week 7 Week 8 




APPENDIX 4.8: WEEKLY ACCURACY OF EDGE-WEIGHTS AND 95% 
CONFIDENCE INTERVALS  
Edge-weights (solid line) and 95% confidence interval (gray shading).  
 
Baseline Week 2 Week 1 
Week 3 Week 4 Week 5 
Week 6 Week 7 Week 8
Week 9 Week 10 Week 11 
Note: Week 12 bootstrapping could not be completed due to a node error. 
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APPENDIX 4.9: WEEKLY EDGE-WEIGHTS DIFFERENCE TEST 
Bootstrapping difference tests (α = 0.05) between non-zero edge-weights. Black boxes indicate 
that represented edges do differ significantly from one another, gray boxes indicate edges that do 
not differ significantly, and colored boxes in diagonal correspond to edge colors of each network, 
blue = green positively correlated network edges, red = red negatively correlated network edges. 
  
Baseline Week 1 Week 2
Week 4 Week 5Week 3
Week 7 Week 8Week 6
Week 10 Week 11Week 9
Note: Week 12 bootstrapping could not be completed due to a node error. 
